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GEOLOGY AND GEOCHEMISTRY OF THE CHANDALAR AREA 

BROOKS RANGE, ALASKA 

BY 

E .  R .  Chipp 

A B S T R A C T  

The Chandalar  a r e a  i s  t h e  e a s t e r n m o s t  well-known go ld  d i s t r i c t  w i t h i n  a  l a r g e  miner- 
a l i z e d  b e l t  i n  t h e  Wiseman and Chandalar  q u a d r a n g l e s  of Nor the rn  Alaska .  The a r e a  h a s  
long  been recogn ized  t o  c o n t a i n  some of t h e  h i g h e s t  g r a d e  go ld -quar tz  l o d e s  i n  t h e  In-  
t e r i o r .  During 47 days  i n  J u l y  and August ,  1969,  63 s q u a r e  m i l e s  were mapped and 147 
s t r e a m  sediment  and 28 bedrock samples  were c o l l e c t e d .  

Bedrock c o n s i s t s  ma in ly  of p e l i t i c  s c h i s t  of Devonian age  i n t r u d e d  by m a f i c  t o  i n t e r -  
m e d i a t e  r o c k s  metamorphosed t o  g r e e n s t o n e  o r  g r e e n s c h i s t .  I n t r u s i v e  r o c k s  a r e  cons id -  
e r e d  Devon ian(? )  o r  younger ,  and p o s s i b l y  J u r a s s i c ,  a g e .  Two main l i t h o l o g i c  u n i t s  
a r e  mapped: t h e  t h i c k  lower p l a t e  s c h i s t  sequence  w i t h  l o c a l  beds  of s l a t e  and s i l t -  
s t o n e ,  and t h e  upper  p l a t e  sequence of s c h i s t  w i t h  mappable p h y l l i t e  and q u a r t z i t e -  
s c h i s t  beds .  B i o t i t e  o r  g a r n e t - b e a r i n g  s c h i s t  occur  l o c a l l y  n e a r  g r e e n s t o n e  o b t r u -  
s i v e s  i n  t h e  lower  p l a t e  sequence,  b u t  most of t h e  s c h i s t s  a r e  w i t h i n  t h e  q u a r t z -  
a l b i t e - m u s c o v i t e - c h l o r i t e  s u b f a c i e s  of t h e  g r e e n s c h i s t  f a c i e s  of r e g i o n a l  metamor- 
phism. 

The g r o s s  s t r u c t u r e  is a  homocline d i p p i n g  nor thwes t  t o  n o r t h e a s t  t h a t  is d i s p l a c e d  by 
a t h r u s t  f a u l t  and h igh-ang le ,  N57W t r e n d i n g ,  normal f a u l t s .  Open f o l d s  t r e n d i n g  nor th -  
n o r t h e a s t  i n  t h e  lower p l a t e  sequence s u g g e s t  p r e s s u r e  from t h e  e a s t - s o u t h e a s t  t h a t  i s  
p robab ly  p r e - t h r u s t i n g  and syn-metamorphic a g e .  Metamorphism i s  p o s t u l a t e d  t o  b e  of 
L a t e  J u r a s s i c  a g e .  Minor eas t -wes t  t r e n d i n g  s m a l l  f o l d s  approx imate ly  p a r a l l e l  t h e  ax- 
i s  of t h e  s y n c l i n a l - s h a p e d  t h r u s t  f a u l t  and occur  m o s t l y  w i t h i n  t h e  upper  p l a t e  sequence .  
A second and minor metamorphism may have o c c u r r e d  d u r i n g  t h r u s t i n g  and e a s t - w e s t  f o l d i n g .  

The d i r e c t i o n  of t h r u s t  f a u l t  d i sp lacement  i s  i n f e r r e d  t o  b e  n o r t h e a s t  t o  n o r t h - n o r t h e a s t ,  
b u t  of unknown magni tude.  The a g e  of t h r u s t i n g  may b e  r e l a t e d  t o  r e g i o n a l  eas t -wes t  f o l d -  
i n g  and g r a n i t i c  i n t r u s i o n  i n  t h e  s o u t h e r n  p a r t  of t h e  Chanda la r  quadrang le .  An i n f e r r e d  
midd le  C r e t a c e o u s  age  f o r  t h i s  t e c t o n i c  and igneous  e v e n t  i s  based i n  p a r t  upon i s o t o p i c  
a g e  d e t e r m i n a t i o n s  by e a r l i e r  workers .  G e n e r a l l y  eas t -wes t  t r e n d i n g  j o i n t s  a r e  prominent  
f e a t u r e s  and impor tan t  i n  g o l d  m i n e r a l i z a t i o n .  

Known g o l d  m i n e r a l i z a t i o n  is  c o n f i n e d  t o  a  n o r t h - n o r t h e a s t  t r e n d i n g  zone i n c l u d i n g  upper  
Big Creek,  Tobin  Creek,  L i t t l e  Squaw Creek,  and Big Squaw Creek.  Smal l  go ld -quar tz  v e i n s  
a r e  b e s t  developed a l o n g  N57W t r e n d i n g  normal f a u l t s  and eas t -wes t  t r e n d i n g  j o i n t s  i n  t h e  
v i c i n i t y  of t h e  f a u l t  zones .  Most of t h e  v e i n s  a r e  i n  p h y l l i t e  i n  f a u l t  c o n t a c t  w i t h  more 
r e s i s t a n t  s c h i s t  o r  q u a r t z i t e .  Gold m i n e r a l i z a t i o n  is p r o b a b l y  r e l a t e d  t o  a  b u r i e d  n o r t h -  
n o r t h e a s t  t r e n d i n g  g r a n i t i c  i n t r u s i o n ;  however,  a  r e l a t i o n s h i p  t o  t h e  metasomatism of 
g r e e n s t o n e s  i s  p o s s i b l e .  

Gold,  a r s e n o p y r i t e ,  g a l e n a ,  s p h a l e r i t e ,  and p y r i t e  a r e  minor c o n s t i t u e n t s  of t h e  minera -  
l i z e d  v e i n s .  Much of t h e  g o l d  i s  i n  n a t i v e  form and q u i t e  s p e c t a c u l a r .  Most s u l f i d e s  a r e  
o x i d i z e d  and l e a c h e d  i n  n e a r  s u r f a c e  exposures  w i t h  s c o r o d i t e ,  b e u d a n t i t e ,  l i m o n i t e ( ? ) ,  
and c r y s t a l l i n e  go ld  a s  secondary  p r o d u c t s .  



Stream sediments in the north-northeast trending zone contain anomalous copper and silver 
values, although the copper content of lode samples is low. Anomalous values of lead and 
other elements in the northwestern area warrant additional sampling and analyses. 



I N T R O D U C T I O N  

PURPOSE AND SCOPE 

The Chandalar a r e a  h a s  been p l a c e r  mined many y e a r s  and h a s  long  been known t o  c o n t a i n  
some of t h e  h i g h e s t  g rade  go ld  l o d e s  i n  t h e  I n t e r i o r .  Recen t ly  t h e  Chandalar  Gold Min- 
i n g  and M i l l i n g  Company completed i t s  100 t o n  p e r  day m i l l  and is  c u r r e n t l y  mining one 
of t h e  b e t t e r  known l o d e s .  A d e t a i l e d  s t u d y  was under taken  t o  r e l a t e  t h e  m i n e r a l  depos- 
i t s  i n  t h e  a r e a  t o  l o c a l  and r e g i o n a l  s t r u c t u r e s .  

During 47 days i n  J u l y  and August, 1969, 63 s q u a r e  m i l e s  were mapped and 175 s t ream s e d i -  
ment and rock samples were c o l l e c t e d  f o r  a n a l y s e s .  D e f i n i t e  c o n t r o l s  a r e  i n d i c a t e d  which 
should a s s i s t  f u t u r e  e x p l o r a t i o n  and development i n  t h e  a r e a .  

LOCATION AND ACCESS 

The Chandalar a r e a  is  i n  t h e  Brooks Range of n o r t h e r n  Alaska, approx imate ly  200 m i l e s  n o r t h  
of Fa i rbanks  and 100 m i l e s  n o r t h e a s t  of B e t t l e s .  The a r e a  is  c e n t r a l i z e d  w i t h i n  t h e  Chan- 
d a l a r  quadrang le  a t  about  67" N l a t i t u d e  and 148' 1 5 '  W l o n g i t u d e  (fig 1).  

A l a r g e  a i r s t r i p  on upper Tobin Creek and two s h o r t  a i r s t r i p s  on upper  Big Creek,  a s  w e l l  
a s  a  w i n t e r  t r a i l  from t h e  main ta ined  a i r s t r i p  a t  Chandalar  Laka p r o v i d e  a c c e s s  t o  t h e  
a r e a .  

PREVIOUS INVESTIGATIONS 

Schrader  and Gerdine (1899) conducted t h e  f i r s t  g e o l o g i c  and topographic  r e c o n n a i s s a n c e  i n  
t h e  Chandalar and Koyukuk R i v e r s  f o r  t h e  U.  S. G e o l o g i c a l  Survey. Maddren (1909) inc luded  
t h e  Chandalar a r e a  w i t h i n  a  more complete  s t u d y  of t h e  Koyukuk Val ley  and i n  1923, M e r t i e  
mapped most of t h e  Chandalar quadrang le .  

S p e c i f i c  r e p o r t s  on t h e  Chandalar gold o c c u r r e n c e s  have been made by t h e  Alaska T e r r i t o r i a l  
Department of Mines. From 1927 t o  1934, I. M. Reed and J. V .  S t a n f o r d  compiled d a t a  on 
t h e  p r o g r e s s  w i t h i n  t h e  mining a r e a  and v i s i t e d  many of t h e  p r o s p e c t s  and mining o p e r a t i o n s .  
I n  1946, E s k i l  Anderson examined and o f f e r e d  s i g n i f i c a n t  a d v i c e  on t h e  Big Creek p l a c e r s .  
R. H. Saunders w i t h  t h e  Alaska S t a t e  D i v i s i o n  of Mines and M i n e r a l s  d e s c r i b e d  t h e  p r o g r e s s  
i n  t h e  a r e a  a f t e r  t h e  r e v i v a l  of i n t e r e s t  i n  t h e  l o d e  p r o s p e c t s  i n  1962. 

The "Geology and S e c t i o n  of t h e  Chandalar Quadrangle" by W .  P. Brosge and H.  N .  R e i s e r  was 
pub l i shed  by t h e  U.  S .  Geolog ica l  Survey i n  1964. T h e i r  r e v i s e d  s t r a t i g r a p h y  and s t r u c t u r -  
a l  i n t e r p r e t a t i o n  h a s  been of g r e a t  v a l u e .  

HISTORY AND PRODUCTION 

The f i r s t  known go ld  d i s c o v e r i e s  were between 1885 and 1890 a t  Tramway Bar ,  70 m i l e s  sou th-  
west  of Chandalar .  About 1000 o r  more p r o s p e c t o r s  e n t e r e d  t h e  Koyukuk Val ley  i n  1899, and 
i n  1901 and 1902 go ld  d i s c o v e r i e s  were made n e a r  Wiseman. A s t a b l e  p o p u l a t i o n  of 200 peo- 
p l e  i n  t h e  g e n e r a l  a r e a  c r e a t e d  a  s m a l l  mining community. Maddren (1909, p  291) s t a t e d  





t h a t  p l a c e r  go ld  p r o d u c t i o n  i n  t h e  Nome and F a i r b a n k s  d i s t r i c t s  was l a r g e r , b u t  t h e  
Koyukuk p robab ly  had a n  a v e r a g e  h i g h e r  p e r  c a p i t a  income t h a n  any o t h e r  d i s t r i c t  i n  
Alaska .  

Thomas C a r t e r  and Frank Yasuda d i s c o v e r e d  p l a c e r  g o l d  i n  1905 on L i t t l e  Squaw Creek i n  
t h e  Chandalar  a r e a  (Reed, 1929) .  Discovery  on Big Creek fo l lowed  i n  1906. The new 
d i s c o v e r y  took  men o u t  of t h e  Koyukuk i n t o  Chanda la r .  About 100 men were engaged i n  
p r o s p e c t i n g  and mining by 1907, w i t h  a  t o t a l  p r o d u c t i o n  of $28,000 (Brooks and o t h e r s ,  
p  46) .  Between 1906 and 1909 t h e  l a r g e s t  p l a c e r  p r o d u c t i o n  came from Big Creek and 
S t .  ~ a r y ' s  Gulch.  

The L i t t l e  Squaw camp was w e l l  e s t a b l i s h e d  by 1908 and a  p o s t  o f f i c e  was b u i l t .  Most of 
t h e  m i n e r s ,  however, w i n t e r e d  a t  Caro 48 m i l e s  s o u t h  of Chandalar  o r  a t  Beaver on t h e  
Yukon River .  The Alaska  Road Commission,about 1 9 1 1 , b u i l t  a  wagon road 74 m i l e s  from 
Beaver t o  Caro (Reed, 1929) .  From C a r o , t h e r e  was a  t r a i l  48 m i l e s  l o n g  up Big Creek and 
over  t h e  d i v i d e  t o  L i t t l e  Squaw. Much of t h e  food and s u p p l i e s  were f r e i g h t e d  by dog- 
team from Beaver.  

By 1909 , four  p r i n c i p a l  go ld -quar tz  l o d e s  were recogn ized  and c o n s i d e r e d  by Maddren (1910) 
t o  ho ld  t h e  most promise  f o r  t h e  Chanda la r .  A road  was b u i l t  from t h e  L i t t l e  Squaw l o d e  
t o  t h e  m i l l - s i t e  on S p r i n g  Creek i n  1909-1910, and a  s m a l l  stamp m i l l  was h a u l e d  t o  Big 
Creek t o  t e s t  t h e  L i t t l e  Squaw l o d e .  S h a f t s  and t u n n e l s  had been d r i v e n  by 2913 on t h e  
showings in  upper  Tobin  Creek ( t h e  L i t t l e  Mikado l o d e ) ,  t h e  Summit a r e a ,  and L i t t l e  Squaw 
Creek.  R e g a r d l e s s  of t h e  2 a r l y  i n t e r e s t  i n  t h e  r i c h  l o d e  d e p o s i t s ,  p l a c e r  mining con- 
t i n u e d  t o  b e  t h e  o n l y  impor tan t  mining u n t i l  t h e  p r e s e n t  t ime .  P l a c e r  mining had been  
done by hand methods ,  s h o v e l i n g - i n ,  g r o u n d - s l u i c i n g ,  o r  d r i f t i n g .  

A f t e r  World War 11, Anderson (1946) p o i n t e d  o u t  t h a t  t h e  Chandalar  a r e a  was one of t h e  
few i m p o r t a n t  p l a c e r  d i s t r i c t s  t h a t  had n o t  been mined by mechan ica l  methods.  S i n c e  t h e n  
Big Creek was mined w i t h  t h e  u s e  of b u l l d o z e r s  and h a s  s u b s e q u e n t l y  produced a s  much o r  
more t h a n  t h e  o r i g i n a l  v a l u e  of go ld  mined by hand methods.  By 1931,  p l a c e r  ground had 
been blocked o u t  on Tobin Creek and Frank Bi rch  is c u r r e n t l y  p l a c e r  mining t h e r e .  

I n  1960, t h e  L i t t l e  Squaw Mining Company reopened t h e  underground workings  on t h e  L i t t l e  
Mikado l o d e  and d r o v e  more t h a n  600 f e e t  of new underground workings .  With OME a s s i s -  
t a n c e  i n  1 9 6 2 , t h e  L i t t l e  Squaw Mining Company began t r e n c h i n g  on some of t h e  v e i n s  i n  t h e  
a r e a  u s i n g  b u l l d o z e r s  f o r m e r l y  used f o r  p l a c e r  mining.  C u r r e n t l y ,  Chandalar  Gold Mining 
and M i l l i n g  Company under  sub- lease  from L i t t l e  Squaw Mining Company, a s u b s i d i a r y  of 
Grandview Mines and M e t a l i n e  Mining and Leas ing  Company, is  mining t h e  L i t t l e  Mikado l o d e  
and m i l l i n g  approx imate ly  100 t o n s  p e r  day i n  t h e i r  m i l l  on Tobin Creek.  

P l a c e r  p r o d u c t i o n  i n  t h e  a r e a  is e s t i m a t e d  a t  40,000 ounces  of g o l d  (Heiner  and Wol f f ,  
p  1 4 ) ,  o r  $1,400,000 a t  $35.00 p e r  ounce.  Big Creek produced a  t o t a l  of $500,000 o r  more,  
and approx imate ly  $350,000 t o t a l  s i n c e  1950 (Wolff,  p e r s o n a l  communicat ion) .  With t h e  r e -  
c e n t  p l a c e r  p r o d u c t i o n  from Tobin Creek and t h e  expec ted  l o d e  p r o d u c t i o n  i n  t h e  f u t u r e ,  
t h e  Chandalar  a r e a  p romises  t o  become s t i l l  more i m p o r t a n t .  
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G E O L O G Y  

REGIONAL SETTING 

Around t h e  Chandalar area ,bedrock is most ly  s c h i s t ,  p h y l l i t e ,  and s l a t e  of Devonian a g e  
and l imes tone  of e a r l i e r  Devonian age (Brosge and R e i s e r ,  1964) .  Metamorphism i s  green- 
s c h i s t  f a c i e s  g r a d e ,  b u t  l o c a l l y  h i g h e r  g rade  metamorphism occurs  around g r a n i t i c  i n t r u -  
s i o n s .  Greenstone s i l l s  and d i k e s  a r e  l o c a l l y  abundant and b e l i e v e d  t o  b e  e q u i v a l e n t  t o  
pyroxene a n d e s i t e  f lows and pyroxene d i o r i t e  i n t r u s i o n s  of L a t e  Devonian(?)  age  t h a t  oc- 
c u r  i n  t h e  s o u t h e r n  p a r t  of t h e  Chandalar quadrangle  ( ~ r o s g e  and R e i s e r ,  1964) .  However, 
t h e  g reens tone  s i l ls  and d i k e s  may be t h e  same r e l a t i v e  age  as t h e  l a r g e  maf ic  igneous 
complex i n  t h e  C h r i s t i a n  quadrang le  t o  t h e  e a s t  t h a t  was d a t e d  a s  Ear ly  o r  Middle J u r a s -  
s i c  ( R e i s e r ,  Lanpherr ,  and Brosge, 1965; and Brosge and R e i s e r ,  1964) .  

S t r u c t u r a l l y ,  t h e  Chandalar a r e a  is p a r t  of a  l a r g e  r e g i o n  c o n t a i n i n g  n o r t h e a s t  t r e n d i n g  
f o l d s  and t h r u s t  p l a t e s ,  l o c a l l y  i n t r u d e d  by g r a n i t i c  i n t r u s i v e s  e l o n g a t e d  mos t ly  n o r t h -  
e a s t ,  and bordered a long  t h e  s o u t h  by east -west  t r e n d i n g  f o l d s  ( b e s t  observed w i t h i n  t h e  
Wiseman quadrangle ,  Brosge and R e i s e r ,  1960) and a  g r a n i t i c  ba tho l i th  e longa ted  east -west .  

STRATIGRAPHY 

Lower P l a t e  Sequence 

BLack S c h i s t  unit (Dbzs) 

The lower p l a t e  sequence of b l a c k  s c h i s t ,  p h y l l i t e ,  and s l a t e  is  cons idered  t o  be t h e  
o l d e s t  u n i t  i n  t h e  Chandalar a r e a .  Thin beds of q u a r t z i t e  occur  i n  t h e  a r e a  n e a r  t h e  
Dome and numerous bod ies  of g reens tone  and g r e e n s c h i s t  have i n t r u d e d  t h i s  u n i t  i n  many 
l o c a l i t i e s  (fig 2 ) .  Volcanic  m a t e r i a l  is a  minor c o n s t i t u e n t  of t h e  dominant ly  p e l i -  
t i c  l i t h o l o g y .  

The Dbls u n i t  i s  approximately  e q u i v a l e n t  t o  t h e  quar tz -muscovi te -ch lor i t e  s c h i s t  (Dqs) 
mapped by Brosge and R e i s e r  (1964).  The Dqs u n i t  i s  s t a t e d  by Brosge and R e i s e r  t o  b e  
approximately  e q u i v a l e n t  t o  t h e  b l a c k  s i l t s t o n e  (Dst), of L a t e  Devonian a g e ,  and t o  oc- 
c u r  l o c a l l y  over  b a s a l  conglomerate  of t h e  " S l a t e  and Sandstone" u n i t .  

The b l a c k  s c h i s t  u n i t  i s  i n  t h r u s t  c o n t a c t  w i t h  t h e  o v e r l y i n g  s c h i s t ,  p h y l l i t e ,  and 
q u a r t z i t e - s c h i s t  u n i t s .  Bedding and f o l i a t i o n  d i p  20 t o  40 degrees  n o r t h e a s t  t o  nor th -  
wes t  i n  t h e  s o u t h e r n  a r e a  and f l a t t e n  c o n s i d e r a b l y  i n  t h e  n o r t h .  C r e n u l a t i o n s  and open 
f o l d s  plunge 1 0  t o  40 degrees  g e n e r a l l y  n o r t h  t o  n o r t h e a s t .  The b l a c k  s c h i s t  u n i t  i s  
es t imated  t o  be g r e a t e r  t h a n  3000 f e e t  t h i c k .  

I n  t h e  upper Big Creek and n o r t h e r n  a r e a ,  t h e  Dbls u n i t  i s  dominant ly  f i n e - g r a i n e d ,  da rk  
g ray  t o  b l a c k ,  carbonaceous,  quar tz -muscovi te -ch lor i t e  s c h i s t  t o  p h y l l i t e .  Quartz  is  
s u b o r d i n a t e  t o  muscovi te  i n  many l o c a l i t i e s ,  a l b i t e  is l o c a l l y  abundant ,  and c h l o r i t e  
is most ly  less t h a n  10%. Very f ine -gra ined  w h i t e  q u a r t z i t e  seams l e s s  than  2 mm t h i c k  
a r e  common l o c a l l y  and probably r e p r e s e n t  bedding. C r e n u l a t i o n s  and chevron f o l d s  lo-  
c a l l y  c o n t a i n  q u a r t z  s e g r e g a t i o n s  a long  t h e  a x i a l  c r e s t s  and p a r a l l e l  t o  a x i a l  p l a n e  
c leavages .  



I n  t h e  Dome and Tobin Creek a r e a ,  t h e  Dbls u n i t  c o n t a i n s  b l a c k  s l a t e  and p h y l l i t e  beds  
u s u a l l y  l e s s  t h a n  200 f e e t  t h i c k , i n t e r b e d d e d  w i t h  t h i n  beds  of f i n e - g r a i n e d  q u a r t z i t e  
and s c h i s t .  The p h y l l i t e  is  o c c a s i o n a l l y  s p o t t e d  w i t h  c h l o r i t e  o r  a l b i t e  and l o c a l l y  
changes  l a t e r a l l y  i n t o  s c h i s t  w i t h i n  a  few hundreds  of f e e t .  One bed of b l a c k  m e t a s i l t -  
s t o n e  o c c u r s  b e n e a t h  t h e  g r e e n s t o n e  s i l l  wes t  of Tobin  Creek.  T h i s  bed i n d i c a t e s  minor 
metamorphism and s h e a r i n g  i n  l o c a l  a r e a s  of t h e  lower  p l a t e  r o c k s .  

South  of Tobin  Creek ,as  w e l l  a s  i n  t h e  extreme e a s t e r n  a r e a  of b l a c k  s c h i s t  exposure  i n  
upper  Big Creek,  t h e  Dbls u n i t  c o n t a i n s  t h i n  boud ins  of g r e e n s c h i s t  i n  t h e  c e n t e r s  of 
s m a l l  f o l d s .  They a r e  d a r k  g r e e n  t o  b l a c k ,  up t o  3 i n c h e s  t h i c k  and l e s s  t h a n  6 i n c h e s  
long ,  and commonly r o l l e d  and t w i s t e d  w i t h  f o l d i n g  i n  t h e  s c h i s t .  One t h i n  s e c t i o n  con- 
t a i n s  q u a r t z ,  c a l c i t e ,  and c h l o r i t e  i n  approx imate ly  e q u a l  p r o p o r t i o n s  and t o t a l i n g  75% 
of t h e  r o c k ;  t h e  remaining 25% c o n s i s t s  of a l b i t e ,  e p i d o t e ,  m u s c o v i t e ,  and sphene .  Ap- 
p rox imate ly  one h a l f  m i l e  e a s t  of t h e  Dome, one o u t c r o p  of i n t e r b e d d e d  q u a r t z i t e  and 
g r e e n s c h i s t  c o n t a i n s  f i n e  l a m i n a t i o n s  and cross-bedding s t r u c t u r e s .  The g r e e n s c h i s t  may 
b e  a  w a t e r - l a i d  t u f f  w i t h  c o n s i d e r a b l y  d e t r i t a l  q u a r t z .  

P e l i t i c  sed iments  r e g i o n a l l y  metamorphosed t o  l o w e s t  g r a d e  g r e e n s c h i s t  f a c i e s  a r e  most 
p r e v a l e n t  i n  t h e  Dbls u n i t .  I n d i v i d u a l  beds  of p h y l l i t e ,  s l a t e ,  and s i l t s t o n e  i n  a  pre- 
dominan t ly  s c h i s t  sequence s u g g e s t  t h a t  s c h i s t o s i t y  was produced o n l y  i n  zones  where 
s h e a r i n g  was i m p o r t a n t .  However, t h e  chemica l  compos i t ion  of some beds  may have r e t a r d e d  
r e c r y s t a l l i z a t i o n .  S l i g h t l y - s p o t t e d  s l a t e  o c c u r s  i n  S t .  Mary 's  Gulch and Pedro Gulch,  
b u t  most r o c k  t y p e  i s  s c h i s t  i n  t h e  upper  Big Creek a r e a .  A l b i t e  s c h i s t  w i t h  b i o t i t e  and 
g a r n e t  n e a r  g r e e n s t o n e  c o n t a c t s  i n d i c a t e s  h igher -g rade  metamorphism i n  l o c a l  t h e r m a l  a u r e -  
o l e s .  Wi th in  a  few f e e t  of t h e  g r e e n s t o n e  a l o n g  t h e  s o u t h  s i d e  of t h e  Dome, medium-grained, 
q u a r t z - a l b i t e - b i o t i t e - c h l o r i t e  s c h i s t  o c c u r s  w i t h  minor g a r n e t .  A l b i t e  p o r p h y r o b l a s t s  a r e  
up t o  5 mm i n  d i a m e t e r  and g r a y y o n  o c c a s i o n , d u e  t o  i n c l u s i o n s .  C h l o r i t e  p a r t i a l l y  r e p l a c e s  
b i o t i t e  a n d , t o  a  l e s s e r  e x t e n t , g a r n e t .  Ragged g a r n e t  c r y s t a l  b o r d e r s  and m a r g i n a l  c h l o r i -  
t i z a t i o n  of b i o t i t e  s u g g e s t  metamorphism may b e  r e t r o g r e s s i v e .  

The i n t e r b e d d e d  s c h i s t  and s l a t e  n e a r  t h e  Dome and Tobin Creek forms a  r i d g e  and t e r r a c e  
topography due t o  t h e  v a r y i n g  r e s i s t a n c e  t o  wea the r ing  i n  i n d i v i d u a l  beds .  J o i n t i n g  and 
s c h i s t o s i t y  c a u s e  t h e  s c h i s t  t o  wea the r  i n t o  p e n c i l - l i k e  p i e c e s .  Where j o i n t i n g  is  n o t  
c l o s e l y  spaced ,  t h e  s c h i s t s  form f l a t  s l a b s .  The m e t a s i l t s t o n e  and s l a t e  beds  form ter- 
r a c e s  covered by s m a l l ,  f l a t  c h i p s  t h a t  a r e  e x c e l l e n t  f o r  walking and b u i l d i n g  r o a d s .  

Upper P l a t e  Sequence 

The upper  p l a t e  sequence i n c l u d e s  t h e  lower-most s c h i s t  u n i t  (Ds) and a  ma jo r  i n t e r b e d  of 
p h y l l i t e  (Dsph),  c a l l e d  t h e  Mikado P h y l l i t e ,  o v e r l a i n  by t h e  p h y l l i t e - s c h i s t  u n i t  (Dphs) 
and q u a r t z i t e - s c h i s t  t o  s c h i s t o s e  q u a r t z i t e  u n i t  (Dqts ) .  C o n t a c t s  between t h e  u n i t s  a re  

g r a d a t i o n a l  and g e n e r a l i z e d  i n  some a r e a s .  The upper  p l a t e  sequence i s  a p p r o x i m a t e l y  
e q u i v a l e n t  t o  t h e  quar t z -muscov i t e  s c h i s t  (Dqm) of Brosge and R e i s e r  ( 1 9 6 4 ) ,  which is con- 
s i d e r e d  Upper Devonian age. 

The D s  u n i t  i s  e s t i m a t e d  t o  b e  more t h a n  5000 f e e t  t h i c k  west  of Tobin  Creek and approx i -  
m a t e l y  3500 f e e t  t h i c k  wes t  of Big Creek. Wi th in  t h e  D s  u n i t ,  t h e  Mikado P h y l l i t e  bed 
a v e r a g e s  600 f e e t  t h i c k .  The Dphs u n i t  is approx imate ly  700 f e e t  t h i c k  and a p p e a r s  t o  
p inch  o u t  t o  t h e  n o r t h w e s t .  The uppermost Dqts  u n i t  i s  f a u l t e d  and e r o d e d ,  and p r o b a b l y  
more t h a n  1000 f e e t  t h i c k .  Loca l  beds  and c o n t a c t s  s u g g e s t  t h a t  most f o l i a t i o n  is p a r a l -  
l e l  t o  bedd ing ,  and most t h i c k n e s s  e s t i m a t e s  a r e  based  l a r g e l y  upon f o l i a t i o n .  



S c h i s t  unit (17s) w i t h  t h e  Mikado PhyZZite (.!Isph) 

The b a s a l  u n i t  of t h e  upper  p l a t e  sequence  is  p r i m a r i l y  quar t z -muscov i t e  s c h i s t  w i t h  
i n t e r b e d s  of p h y l l i t e  and minor s c h i s t o s e  q u a r t z i t e .  The t h i c k e s t  and most l i t h o l o -  
g i c a l l y  d i s t i n c t  i n t e r b e d  i s  c a l l e d  t h e  Mikado P h y l l i t e  (DS h ) ,  b u t  most i n t e r b e d s  of P p h y l l i t e  and q u a r t z i t e  a r e  l e s s  t h a n  1 0  f e e t  t h i c k  and lenticular. A few g r e e n s c h i s t  
o c c u r r e n c e s  a r e  l e s s  t h a n  1 0  f e e t  t h i c k  and p robab ly  r e p r e s e n t  metamorphosed m a f i c  s i l l s .  

White q u a r t z  s e g r e g a t i o n s  and bands l e s s  t h a n  1 0  mm wide ,  which o f t e n  resemble  Z-config- 
u r a t i o n s ,  a r e  l o c a l l y  abundant  and c h a r a c t e r i s t i c  of t h e  D s  u n i t .  The most n o t a b l e  oc- 
c u r r e n c e s  a r e  found above t h e  Mikado P h y l l i t e  and e a s t  of t h e  Dome a r e a  w i t h i n  t h e  lower 
p a r t  of t h e  u n i t .  Along t h e  road and between t h e  Mikado and S t a r  l o d e s  (fig 21, t h i s  
s a m e  phenomenon i s  found w i t h i n  t h e  Mikado P h y l l i t e  bed.  There  t h e  Hikado P h y l l i t e  con- 
t a i n s  t h i n  ( l e s s  t h a n  5 mm) q u a r t z  seams en e c h e l o n  f a s h i o n  a l o n g  t h e  c r e s t s  of c r e n u l a -  
t i o n s  t r e n d i n g  N60W. 

The dominant r o c k  i s  medium t o  d a r k  g r a y ,  s l i g h t l y  ca rbonaceous ,  q u a r t z l n u s c o v i t e  s c h i s t  
w i t h  n i n o r  c h l o r i t e  and r a r e  a l b i t e .  G r a i n  s i z e  r a n g e s  from 0 . 1  t o  0 .b  mm. The r o c k  i s  
r e s i s t a n t  t o  w e a t h e r i n g  and forms bold  o u t c r o p s  w i t h  l a r g e ,  a n g u l a r  s l a b s  i n  f ros t -heaved  
p i l e s .  Weathered s u r f a c e s  commonly have y e l l o w  t o  orange s t a i n s  due t o  i r o n  o x i d e s .  

The Mikado P h y l l i t e  (Dsph) t r e n d s  nor thwes t  a c r o s s  most of t h e  mapped a r e a .  It is re- 
p e a t e d  by high-angle  f a u l t i n g ,  e s p e c i a l l y  by t h e  Mikado f a u l t .  The b e s t  known go ld  l o d e s  
occur  i n  t h e  bed where i t  i s  h i g h l y  s h e a r e d ,  j o i n t e d  and i r o n - s t a i n e d .  

The p h y l l i t e  i s  a  consp icuous  d a r k  g r a y ,  f i n e - g r a i n e d  r o c k  w i t h  much l e s s  q u a r t z  i n  ve in -  
l e t s  o r  o r i g i n a l  bedding t h a n  t h e  e n c l o s i n g  s c h i s t .  One t h i n  s e c t i o n  c o n t a i n e d  35% q u a r t z ,  
40% muscov i t e ,  10% c h l o r i t e ,  and 15% opaques (most ly  carbonaceous  m a t e r i a l  and h e m a t i t e -  
l i m o n i t e ) .  Quar tz  i n  t h i n  seams p a r a l l e l  t o  bedding i s  f ine -g ra ined  and a p p a r e n t l y  gran-  
u l a t e d ,  b u t  some q u a r t z  o c c u r s  i n  s l i g h t l y  c r o s s - c u t t i n g  v e i n l e t s .  C h l o r i t e  o c c u r s  up t o  
1 mm long  w i t h  t h e  long  a x i s  o r i e n t e d  p a r a l l e l  t o  t h e  c l e a v a g e ,  o r  on o c c a s i o n  o b l i q u e  o r  
p e r p e n d i c u l a r  t o  t h e  c l e a v a g e  where i t  a p p a r e n t l y  c r y s t a l l i z e d  l a t e  w i t h  t h e  c r o s s - c u t t i n g  
q u a r t z .  

Along r i d g e  c r e s t s , t h e  p h y l l i t e  w e a t h e r s  t o  low s a d d l e s  o r  f l a t  t e r r a c e s .  It is  much less 
r e s i s t a n t  t o  w e a t h e r i n g  p r o c e s s e s  and t h e  t a l u s  is m o s t l y  s m a l l  c h i p s  o r  t h i n  p l a t e s .  

Phy 2 Zite-Schis t un i t  (Dphs) 

The Dphs u n i t  c r o p s  o u t  i n  t h e  n o r t h e r n  p a r t  of t h e  a r e a ,  mos t ly  i n  t h e  L i t t l e  Squaw and 
Big Squaw Creek d r a i n a g e s .  High-angle f a u l t i n g  r e p e a t s  t h e  u n i t  i n  b o t h  c r e e k s .  C o n t a c t s  
a r e  g r a d a t i o n a l  w i t h  t h e  D s  u n i t  s t r a t i g r a p h i c a l l y  below and t h e  Dqts  u n i t  above.  F i n e  
g r a i n  s i z e  and commonly l i g h t e r  c o l o r  i s  c h a r a c t e r i s t i c  as  w e l l  a s  s m a l l  s e g r e g a t i o n s  of 
q u a r t z  and p y r r h o t i t e .  

Quar tz -muscov i t e -ch lo r i t e  p h y l l i t e  t o  p h y l l i t e - s c h i s t  i s  t h e  dominant r o c k  i n  t h e  Dphs 
u n i t .  Th in  l aminae  of q u a r t z - r i c h ,  p h y l l i t i c  s c h i s t  and c h l o r i t e - r i c h  p h y l l i t e  a r e  com- 
mon and s u g g e s t  o r i g i n a l  c o m p o s i t i o n a l  v a r i a t i o n s .  The c o a r s e r - g r a i n e d  p h y l l i t i c  s c h i s t  
is  medium g r a y  and t h e  p h y l l i t e  i s  d a r k e r  g r a y  w i t h  more carbonaceous  m a t e r i a l .  The r o c k  
w e a t h e r s  r u s t y  r e d  i n  some a r e a s  due t o  i r o n  o x i d e s  and i s  commonly j o i n t e d  and c o n s i d e r -  
a b l y  l e s s  r e s i s t a n t  t o  w e a t h e r i n g  p r o c e s s e s  t h a n  t h e  two c o n t i g u o u s  u n i t s .  P y r r h o t i t e  
masses ,  o r  r a r e l y  c r y s t a l s ,  occur  a b u n d a n t l y  w i t h  o r  w i t h o u t  q u a r t z  i n  t h e  Dphs u n i t  i n  
b o t h  t h e  L i t t l e  and Big Squaw Creek a r e a s .  They a r e  common t o  t h e  n o r t h w e s t  and r a r e l y  
occur  i n  t h e  c o n t i g u o u s  u n i t s .  The p y r r h o t i t e  masses  a r e  up t o  1-1/2 i n c h e s  t h i c k  and 3 
i n c h e s  l o n g ,  b u t  t h e  a v e r a g e  s i z e  is  much l e s s .  Zones of d i l a t i o n  caused  by d i f f e r e n t i a l  
movement w i t h i n  t h i n  laminae may b e  t h e  c o n t r o l  f o r  emplacement.  C r e n u l a t i o n s  a r e  o f t e n  
s t r o n g  i n  t h e  p h y l l i t e  laminae and f a d e  o u t  i n  h a r d e r  q u a r t z - r i c h  l aminae .  They produce 



a  l i n e a t i o n  t h a t  commonly p lunges  down d i p  p a r a l l e l  t o  t h e  major  s c h i s t o s i t y .  Pyr r -  
h o t i t e  masses  occur  a l o n g  t h e  a x i a l  c r e s t s  of t h e  c r e n u l a t i o n s  o r  form i n  r o l l s  w i t h  
q u a r t z .  C h a l c o p y r i t e  and a r s e n o p y r i t e ( ? )  occur  s p a r i n g l y  a l o n g  w i t h  t h e  p y r r h o t i t e .  

@-iuivtzite-Schist unit (Eqts)  

Approximately  1000 f e e t  of i n t e r b e d d e d  s c h i s t o s e  q u a r t z i t e  t o  q u a r t z i t e  s c h i s t  w i t h  
minor ,  b u t  l o c a l l y  abundan t ,  i n t e r b e d s  of s c h i s t  and p h y l l i t e  comprise  t h e  uppermost 
u n i t  of t h e  upper  p l a t e  sequence .  I t  i s  i n  t h r u s t  c o n t a c t  w i t h  t h e  lower p l a t e  se- 
quence t o  t h e  n o r t h  and i n  g r a d a t i o n a l  c o n t a c t  w i t h  t h e  Dphs u n i t  l y i n g  s t r a t i g r a p h -  
i c a l l y  lower and t o  t h e  s o u t h .  The u n i t  is r e l a t i v e l y  r e s i s t a n t  t o  e r o s i o n  and forms 
a  prominent  r i d g e  a s  w e l l  a s  a  s h a r p  b r e a k  i n  s l o p e  w i t h  b o t h  c o n t i g u o u s  u n i t s .  Very 
ha rd  q u a r t z i t e  beds  up t o  5 o r  1 0  f e e t  t h i c k  a r e  numerous and form s h a r p  s e r r a t e d  
r i d g e s  a l o n g  r i d g e  tops .  

The s c h i s t o s e  q u a r t z i t e  beds  c o n t a i n  up t o  90% q u a r t z  w i t h  minor muscov i t e ,  c h l o r i t e ,  
and a t r a c e  of a p a t i t e ,  sphene ,  e p i d o t e ,  and a l b i t e .  Carbonaceous m a t e r i a l  a l o n g  w i t h  
h e m a t i t e  and l i m o n i t e  compr i se  l e s s  t h a n  2% of t h e  t o t a l  r o c k .  I n d i v i d u a l  beds  v a r y  
from a l m o s t  w h i t e  t o  t a n  o r  l i g h t  g ray .  Quar tz  g r a i n s  a r e  l e s s  t h a n  0 .3  mm i n  d i a -  
me te r  and i n d i c a t e  g r a n u l a t i o n  w i t h  r e c r y s t a l l i z a t i o n  i n t o  mosa ics  of x e n o b l a s t i c  
q u a r t z .  Muscovi te  and c h l o r i t e  f l a k e s  a r e  l e p i d o b l a s t i c  and impar t  s c h i s t o s i t y  t o  
t h e  rock.  Xany t h i n  beds  of quar t z -muscov i t e  s c h i s t  and p h y l l i t e  a r e  medium t o  d a r k  
g r a y  and n o t  d i s t i n c t l y  d i f f e r e n t  t h a n  beds  i n  t h e  lower u n i t s .  

West of t h e  l a n d s l i d e  ( f i g  2)  a t  approx imate ly  4000 f e e t  e l e v a t i o n ,  minor a r e a s  of 
q u a r t z - a l b i t e - m u s c o v i t e - c h l o r i t e  s c h i s t  occur  w i t h  a  t r a c e  of sphene ,  m a g n e t i t e ,  and 
carbonaceous  m a t e r i a l .  A l b i t e  p o r p h y r o b l a s t s  up t o  2 mm i n  d i a m e t e r  c o n t a i n  micro- 
l i t e s  and carbonaceous  m a t e r i a l .  The s m a l l  a r e a s  of a l b i t i c  s c h i s t  may i n d i c a t e  t h e  
p r o x i m i t y  of g r e e n s t o n e  i n t r u s i o n s .  A l b i t i z a t i o n  w i t h  g n e i s s i c  banding i s  s i m i l a r  t o  
t h a t  found n e a r  t h e  Dome a r e a .  

INTRUSIVE ROCKS 

Greens tone  (Dg) and G r e e n s c h i s t  (Dgs) 

Greens tone  s i l l s  and a  few d i k e s  i n t r u d e  t h e  lower  p l a t e  sequence i n  many a r e a s .  The 
upper  p l a t e  sequence i s  l a c k i n g  i n  l a r g e r  g r e e n s t o n e  b o d i e s ,  b u t  does  c o n t a i n  a  few 
t h i n  s i l l s ,  o r  r a r e l y  d i k e s ,  of g r e e n s t o n e  o r  g r e e n s c h i s t .  Some of t h e  l a r g e r  green-  
s t o n e  s i l l s  a r e  s c h i s t o s e  a l o n g  t h e  b o r d e r s  and g r a d a t i o n a l l y  l e s s  s c h i s t o s e  toward t h e  
c e n t e r s .  Greens tone  and g r e e n s c h i s t  r o c k s  a r e  c o n s i d e r e d  t o  b e  t h e  same r e l a t i v e  a g e  
and of t h e  same o r i g i n ,  b u t  d i f f e r i n g  i n  t h e  d e g r e e s  of s h e a r i n g  and metamorphism. 
Brosge and R e i s e r  (1964) have mapped g r e e n s t o n e  and g r e e n s c h i s t  a s  Devonian(?)  a g e  and 
p robab ly  e q u i v a l e n t  t o  v o l c a n i c  r o c k s  i n  t h e  s o u t h e r n  p a r t  of t h e  Chanda la r  quadrang le .  
They n o t e  t h a t , s i n c e  t h e  Chandalar  quadrang le  map was submi t t ed  f o r  p u b l i c a t i o n ,  s i m i -  
l a r  v o l c a n i c  r o c k s  i n t r u d i n g  sed imenta ry  r o c k s  of Carbonaceous o r  younger age  were  map- 
ped i n  t h e  C h r i s t i a n  and Coleen q u a d r a n g l e s .  The l a r g e  maf ic  igneous  complex i n  t h e  
C h r i s t i a n  quadrang le  may b e  E a r l y  o r  Middle  J u r a s s i c  age  by potass ium-argon i s o t o p i c  
a g e  d e t e r m i n a t i o n s  on hornb lende  and p l a g i o c l a s e  ( R e i s e r ,  Lanphere ,  and Brosge,  1965) .  
T h e i r  s u g g e s t e d  age  i s  f u r t h e r  s u b s t a n t i a t e d  by T r i a s s i c  age  f o s s i l s  i n  some of t h e  i n -  
t ruded  rock .  P a t t o n  and T a i l l e u r  (1964, p  481) i n  t h e  K i l l i k - I t k i l l i k  r e g i o n ,  d a t e  by 
f i e l d  r e l a t i o n s  s m a l l  s i l l s  of a l b i t e - d i a b a s e ,  d i a b a s e ,  and b a s a l t ,  a s  l a t e s t  J u r a s s i c  
age .  They f i n d  o n l y  one e p i s o d e  of igneous  a c t i v i t y  i n  t h a t  a r e a .  Mertie (1925, p  224 
and 245) d e s c r i b e d  t h r e e  t y p e s  of g r e e n s t o n e s  i n  t h e  Chandalar  r e g i o n  and though t  t h e y  



r e p r e s e n t e d  i n t r u s i o n s  of more t h a n  one P a l e o z o i c  a g e .  H e  f e l t  t h a t  t h e  ones  i n t r u d i n g  
t h e  Devonian and M i s s i s s i p p i a n  r o c k s  may b e  l a t e  P a l e o z o i c  i n  a g e  and c o r r e l a t e d  them 
w i t h  t h e  b a s i c  e x t r u s i v e  and i n t r u s i v e  r o c k s  of t h e  Rampart group.  For  t h e s e  r e a s o n s  
g r e e n s t o n e  and g r e e n s c h i s t  i n  t h e  Chandalar  a r e a  a r e  t e n t a t i v e l y  c o n s i d e r e d  Devon ian(? )  
o r  younger ,  and p o s s i b l y  J u r a s s i c  i n  a g e .  

The g r e e n s t o n e  i n t r u s i v e s  a r e  m i n e r a l o g i c a l l y  s i m i l a r ,  b u t  g r a i n  s i z e  and t e x t u r e s  v a r y  
l o c a l l y .  A c t i n o l i t e ,  c l i n o z o i s i t e  and e p i d o t e  comprise  abou t  80% of  t h e  rock  w i t h  minor 
c a l c i t e - d o l o m i t e ,  c h l o r i t e ,  a l b i t e ,  sphene,  and q u a r t z .  I n  Pedro Gulch,  most g r e e n s t o n e s  
a r e  g r a n o b l a s t i c  t o  b l a s t o p o r p h y r i t i c  w i t h  a c t i n o l i t e  p o r p h y r o b l a s t s  up t o  5 mm. Actino-  
l i t e  p o r p h y r o b l a s t s  a r e  i n t i m a t e l y  a s s o c i a t e d  w i t h  c l i n o z o i s i t e ,  e p i d o t e ,  and sphene ,  
which may i n d i c a t e  r ep lacement  of t i t a n i f e r o u s  pyroxene o r  hornb lende .  C o n c e n t r a t i o n s  
of f i n e  g r a i n e d  q u a r t z - a l b i t e - c l i n o z o i s i t e - c a l c i t e  may b e  former  p l a g i o c l a s e  p h e n o c r y s t s .  
Groundmass m i n e r a l s  are  f i n e  g r a i n e d  a g g r e g a t e s  of c l i n o z o i s i t e ,  e p i d o t e ,  c a l c i t e ,  c h l o r -  
i t e ,  w i t h  minor q u a r t z  and a l b i t e .  

Greens tone  i n  Pedro Gulch is g r e e n  t o  d a r k  gray-green,  l o c a l l y  s c h i s t o s e  n e a r  b o r d e r s ,  
and i r o n  s t a i n e d  on weathered s u r f a c e s .  Minor p y r r h o t i t e  and c h a l c o p y r i t e  occur  n e a r  
f a u l t  zones .  Smal l  s e g r e g a t i o n s  of a l b i t e  (An3) w i t h  minor q u a r t z ,  c a l c i t e ,  and c h l o r -  
i t e  occur  i n  t h e  weathered t a l u s .  Some a l b i t e  c r y s t a l s  a r e  up t o  1 5  mm l o n g ,  p a r t i a l l y  
b e n t  and g r a n u l a t e d .  Smal l  b l a d e s  of c h l o r i t e  a r e  a l i g n e d  a l o n g  t h e  a l b i t e  c l e a v a g e s ,  
s u g g e s t i n g  t h e y  b o t h  c r y s t a l l i z e d  s i m u l t a n e o u s l y .  

I n  t h e  Dome a r e a ,  g r e e n s t o n e  is f i n e  g r a i n e d  and g r a n o b l a s t i c .  I n  one t h i n  s e c t i o n ,  
pyroxene(? )  l e s s  t h a n  0 . 1  mm i n  d i a m e t e r  i s  m o s t l y  r e p l a c e d  by e p i d o t e ,  c l i n o z o i s i t e ,  
sphene ,  and c h l o r i t e .  Sphene i n  v e r y  s m a l l  p e r i p h e r a l  g r a n u l e s  s u g g e s t s  t h e  pyroxene(? )  
may b e  t i t a n i f e r o u s  a u g i t e .  

The l a r g e r  g r e e n s t o n e  body i n  t h e  s o u t h e r n  a r e a  is c o a r s e  g r a i n e d  and b l a s t o p h i t i c .  Ac- 
t i n o l i t e  up t o  4 mm p o i k i l i t i c a l l y  e n c l o s e s  r e l i c  p l a g i o c l a s e  w i t h  C a r l s b a d  twinn ing .  
C o n c e n t r i c  zones  of q u a r t z  o r  c l i n o z o i s i t e  and a l b i t e  p a r a l l e l  t o  t h e  r e l i c  c r y s t a l  o u t -  
l i n e s  i n d i c a t e  t h a t  t h e  p l a g i o c l a s e  was zoned and p a r t i a l l y  r e p l a c e d  by s i l i c a .  T h i n  
f r a c t u r e s  a r e  f i l l e d  w i t h  q u a r t z  and c h l o r i t e .  

The s c h i s t o s e  b o r d e r  of t h e  l a r g e r  g r e e n s t o n e  i n  t h e  s o u t h e r n  a r e a  c o n t a i n s  a l b i t e  por-  
p h y r o b l a s t s  i n  a  m a t r i x  of c h l o r i t e  w i t h  minor c l i n o z o i s i t e  and e p i d o t e .  One t h i n  s e c t i o n  
t a k e n  i n  t h e  t r a n s i t i o n a l  zone between t h e  c h l o r i t e - r i c h  and a c t i n o l i t e - r i c h  a r e a s  i n d i -  
c a t e s  f r a c t u r i n g  and s h e a r i n g  were  i n s t r u m e n t a l  i n  p roduc ing  t h e  c h l o r i t e - a l b i t e  miner- 
a l i z a t i o n  o r  s c h i s t o s i t y  i n  t h e  g r e e n s c h i s t  phase .  C h l o r i t e  r e p l a c e s  t h e  c l i n o z o i s i t e -  
e p i d o t e  s u i t e  a l o n g  t h i n  f r a c t u r e s  t h a t  o c c a s i o n a l l y  wrap around a l b i t e  p o r p h y r o b l a s t s .  

X-ray d i f f r a c t i o n  p a t t e r n s  of t h r e e  g r e e n s t o n e  and g r e e n s c h i s t  samples  t e n t a t i v e l y  iden-  
t i f y  t h e  c h l o r i t e  i n  each  c a s e  a s  a p h r o s i d e r i t e .  A p h r o s i d e r i t e  c o n t a i n s  abundant  f e r r o u s  
i r o n .  M i c r o s c o p i c a l l y ,  i t  i s  medium g r e e n ,  b i a x i a l  (f), and anomalous brown under  c r o s -  
sed  n i c o l s .  Weather ing of t h e  c h l o r i t e  r e s u l t s  i n  abundant  i r o n  s t a i n i n g .  

Quar tz  i n  t h e  g r e e n s c h i s t s  o f t e n  a p p e a r s  i n  f i n e  g r a i n e d  ( l e s s  t h a n  0 . 1  mm) mosa ics  t h a t  
s u g g e s t  p a r t i a l r e p l a c e m e n t  of c h l o r i t e ,  c l i n o z o i s i t e ,  and c a l c i t e .  Z i r c o n  is abundant  
a s  m i c r o l i t e s  p o i k i l i t i c a l l y  e n c l o s e d  by q u a r t z ,  m u s c o v i t e ,  o r  a l b i t e .  C h l o r i t e  r a r e l y  
c o n t a i n s  p l e o c h r o i c  h a l o e s  s u r r o u n d i n g  v e r y  s m a l l  c r y s t a l s  of m o n a z i t e ( ? ) .  Monazi te  is  
r e p o r t e d  t o  occur  i n  t h e  p l a c e r  c o n c e n t r a t e s  of t h e  a r e a  ( M e r t i e ,  1925,  p 263; White,  
1952, p 8;  Nelson e t  a l ,  1952, p  1 6 ) .  

The g r e e n s t o n e  and g r e e n s c h i s t  p robab ly  r e p r e s e n t  pre-metamorphic o r  syn-metamorphic ma- 
f i c  t o  p o s s i b l y  i n t e r m e d i a t e  i n t r u s i v e s  t h a t  were metamorphosed t o  low g r a d e  g r e e n s c h i s t  
f a c i e s  d u r i n g  r e g i o n a l  metamorphism. R e l i c  t e x t u r e s  i n d i c a t e  t h e y  v a r i e d  from equ ig ran-  
u l a r  and f i n e  g r a i n e d  t o  p o r p h y r i t i c  o r  o p h i t i c  and c o a r s e  g r a i n e d .  T h i s  would s u g g e s t  
t h a t  t h e y  were g a b b r o i c ,  d i a b a s i c ,  o r  p o s s i b l y  d i o r i t i c .  



The mineralogy of the greenstone and greenschist, as well as albite segregations and 
albitization of the host rocks in local areas near greenstones, indicate soda metaso- 
matism was related to the greenstone intrusions. Quartz veining around the greenstone 
bodies and silica replacement of minerals in the greenstone and greenschist suggest 
silica metasomatism was also associated with the emplacement of the instrusions. Minor 
veins of quartz and albite occur throughout the area. They are usually less than 3 
inches thick and mostly found in the weathered talus rubble. More than one stage of 
quartz veining occurred in the area, which will be discussed more fully in the section 
on ore deposits. 

SURFICIAL DEPOSITS 

The larger streams in the Chandalar area contain locally thick deposits of silt, sand, 
gravel, and boulders. Slopes are mostly covered by colluvium consisting of large angu- 
lar slabs of schist or greenstone. Colluvium deposits are similar to and merge with 
frost-heaved deposits along ridge tops. 

Pleistocene glacial deposits that are largely transported from the north are found up 
to 3000 feet elevation, and locally higher. Glacial deposits occur only along the west- 
ern and northern areas. They are made conspicuous by the presence of granodiorite, mar- 
ble, and coarse-grained graywacke boulders. 

Large benches of glacial lake deposits occur in lower Tobin Creek and Boulder Creek. They 
are unconsolidated and slightly stratified silt to boulder beds and average sand size. 
They were probably formed in small lakes adjacent to large valley glaciers during Pleis- 
tocene time. The lower reaches of most of the large streams contain glacial deposits 
that include much material transported from the north. Mertie (1923, p 239 and 254-260) 
discusses glaciation and the history of the major drainages much more completely. 

STRUCTURE 

Regional Structure 

Northeast and east-trending structures are major features along the southern flank of 
the Brooks Range in the Wiseman, Chandalar, and Christian quadrangles (Brosge and Reiser, 
1960, 1962, and 1964). Large northeast-trending fold belts, with lithologic contacts com- 
monly thrust faulted, occur in the northern parts of the quadrangles, and the northeast- 
trending granitic intrusion in the Baby Creek area 20 miles west of Chandalar forms the 
core of a large anticlinal fold (Brosge and Reiser, 1964). East-trending structural fea- 
t u r e s  a r e  dominant i n  t h e  s o u t h e r n  p a r t s  of t h e  q u a d r a n g l e s .  The Kobuk Trough, which 
contains continental strata of Cretaceous age, pinches out eastward in the southwest 
corner of the Chandalar quadrangle about 40 miles southwest of the mapped area. 

Isotopic age determinations on micas indicate that the latesr metamorphism occurred in 
Late Jurassic to middle Cretaceous time (Brosge and Reiser, 1964). Mica from the pluton 
in the northern part of the Chandalar quadrangle has an isotopic age of 125 million years, 
and mica from the southern pluton is 101 million years old. The two ages of metamorphism 
from northeast and east-trending plutons may indicate the northeast-trending structures 
are Late Jurassic in age and the east-trending structures are middle Cretaceous in age. 
These two inferred ages of tectonism with different orientations agree with observations 
in the Chandalar area. 



I n  t h e  K i l l i k - I t k i l l i k  r e g i o n  i n  t h e  A r c t i c  f o o t h i l l s  s e c t i o n  of t h e  Brooks Range ( n o r t h  
and e a s t  of t h e  Chandalar  q u a d r a n g l e ) ,  t h e  s o u r c e  m a t e r i a l  f o r  T r i a s s i c  s h e l f  d e p o s i t s  
was d e r i v e d  from t h e  n o r t h .  J u r a s s i c  and Cre taceous  r o c k s ,  i n  c o n t r a s t ,  a r e  g e o s y n c l i n a l  
d e p o s i t s  d e r i v e d  main ly  from t h e  s o u t h  ( P a t t o n  and T a i l l e u r ,  1964,  p  493) .  They s t a t e  
t h a t  "from L a t e  J u r a s s i c  u n t i l  L a t e  C r e t a c e o u s  t ime r e c u r r e n t  t e c t o n i c  a c t i v i t y  i n  t h e  
r e g i o n  of t h e  Brooks Range p rov ided  a  r i s i n g  l a n d  mass which shed v a s t  q u a n t i t i e s  of de- 
t r i t u s  nor thward i n t o  a  s u b s i d i n g  eas tward  t r e n d i n g  t r o u g h ,  t h e  C o l v i l l e  g e o s y n c l i n e ,  t h a t  
l a y  a c r o s s  t h e  a r e a  of t h e  A r c t i c  f o o t h i l l s  and c o a s t a l  p l a i n " .  

Genera l  S t r u c t u r e  i n  t h e  Chandalar  Area 

The Chandalar  a r e a  i n c l u d e s  a  n o r t h e a s t  t o  nor thwes t  d i p p i n g  homocl ine  w i t h  minor nor th -  
n o r t h e a s t  f o l d s .  The upper  p l a t e  sequence was o v e r t h r u s t  and b o t h  lower  and upper  p l a t e  
sequences  were l a t e r  d i s p l a c e d  by n o r t h w e s t  and e a s t - n o r t h e a s t - t r e n d i n g ,  h igh-ang le ,  
normal f a u l t s .  Nor th -nor theas t - t r end ing  f o l d s  s u g g e s t  p r e s s u r e  from t h e  e a s t - s o u t h e a s t .  
They were p o s s i b l y  contemporaneous w i t h  t h e  L a t e  J u r a s s i c  a g e  of metamorphism and i n f e r r e d  
t e c t o n i s m  on t h e  r e g i o n a l  s c a l e .  Minor f o l d s  and c r e n u l a t i o n s  t h a t  t r e n d  n o r t h w e s t  t o  
n e a r l y  wes t  occur  m o s t l y  i n  t h e  n o r t h e r n  p a r t  of t h e  mapped a r e a  i n  t h e  upper  t h r u s t  p l a t e .  
These s m a l l  f o l d s  a r e  approx imate ly  p a r a l l e l  t o  t h e  a x i s  of t h e  s y n c l i n a l - s h a p e d  t h r u s t  
p l a t e  and a r e  p robab ly  r e l a t e d  t o  t h e  f o r c e s  t h a t  produced t h r u s t  f a u l t i n g  towards  t h e  
n o r t h e a s t  o r  n o r t h - n o r t h e a s t .  The t h r u s t  f a u l t  and minor nor thwes t  t o  wes t - t r end ing  f o l d s  
may be  r e l a t e d  t o  t h e  g e n e r a l l y  eas t -wes t  f o l d i n g  assumed t o  have  o c c u r r e d  d u r i n g  Middle 
Cre taceous  t ime .  Northwest and e a s t - n o r t h e a s t - t r e n d i n g ,  h igh-ang le ,  normal f a u l t s  a r e  
p robab ly  r e l a t e d  t o  u p l i f t  i n  Cre taceous  o r  T e r t i a r y  t i m e .  

T h r u s t  F a u l t i n g  

F i e l d  ev idence  f o r  t h r u s t  f a u l t i n g  of t h e  upper  p l a t e  sequence over  t h e  lower  p l a t e  se- 
quence i n c l u d e s :  (1) t h e  lower  p l a t e  sequence  (Dbls)  is  i n  c o n t a c t  w i t h  t h e  s t r a t i -  
g r a p h i c a l l y  h i g h e s t  u n i t  (Dqts)  of t h e  upper  t h r u s t  p l a t e ,  (2 )  a  s l i g h t  a n g u l a r  d i s -  
co rdance  e x i s t s  between t h e  lower  and upper  p l a t e  r o c k s  i n  many a r e a s ,  (3) f o l d  p a t t e r n s  
and a t t i t u d e s  of s m a l l  f o l d s  and c r e n u l a t i o n s  a r e  m o s t l y  d i s c o r d a n t  between t h e  two p l a t e s  
(figs 2 and 3 ) ,  ( 4 )  t h e  upper  p l a t e  r o c k s  a r e  p e r v a s i v e l y  metamorphosed b u t  c o n t a i n  o n l y  
minor g r e e n s t o n e  i n t r u s i o n s ;  t h e  lower p l a t e  r o c k s  a r e  l o c a l l y  metamorphosed t o  h i g h e r  
and lower g r a d e s  and c o n t a i n  abundant  g r e e n s t o n e  i n t r u s i o n s ,  and (5) t h e  upper  p l a t e  r o c k s  
l o c a l l y  d i s p l a y  ev idence  of much s h e a r i n g  and minor polymetamorphism ( Z - c o n f i g u r a t i o n s  
and two o r i e n t a t i o n s  of mica ) .  

The s y n c l i n a l  shape  of t h e  t h r u s t  p l a n e  is  i n f e r r e d  on t h e  b a s i s  of mapped f i e l d  r e l a t i o n s .  
The t r a c e  of t h e  t h r u s t  i n  upper  Big Creek i n d i c a t e s  a  h o r i z o n t a l  t o  20' n o r t h e r l y  d i p  
(fig 2, s e c t i o n  B-B'). West of Tobin  Creek t h e  d i p  is approx imate ly  17' n o r t h e a s t .  A 
v a r i a b l e  t o  o p p o s i t e  sou thwes t  d i p  is  s u g g e s t e d  by mapping i n  t h e  n o r t h e r n  a r e a .  

C o n t a c t s  a l o n g  t h e  t h r u s t  f a u l t  a r e  r a r e l y  c l e a n  exposures .  The upper  p l a t e  sequence is  
more r e s i s t a n t  t h a n  t h e  lower p l a t e  r o c k s  and a n  a b r u p t  o r  g r a d u a l  b r e a k  i n  s l o p e  o c c u r s  
a l o n g  t h i s  t e c t o n i c  zone.  I n  many a r e a s , l a r g e  a n g u l a r  s l a b s  of upper  p l a t e  s c h i s t  forms 
a t h i c k  accumula t ion  of co l luv ium over  lower  p l a t e  r o c k s .  

Nor th -nor theas t  t o  n o r t h e a s t  d i r e c t i o n  of t h r u s t  f a u l t  d i s p l a c e m e n t  is s u g g e s t e d  f o r  t h e  
f o l l o w i n g  r e a s o n s :  (1)  a x e s  of s m a l l  f o l d s  and c r e n u l a t i o n s  a l o n g  t h e  n o r t h e r n  c o n t a c t  
a r e a  a r e  m o s t l y  o r i e n t e d  nor thwes t  t o  west -nor thwest  approx imate ly  p a r a l l e l  t o  t h e  long  
a x i s  of the s y n c l i n a l - s h a p e d  t h r u s t  p l a n e  (f ig 2 ) ,  and (2 )  f o l d s  have s t e e p e r  n o r t h e r n  
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limbs indicating north-directed pressure (fig 4). A few small folds with the same trend 
occur in the lower plate sequence, but the majority are within the upper plate sequence 
in the northern area. 

Folding 

North-northeast-trending folds are mapped in the southeastern part of the area and largely 
confined to the lower plate sequence. Smaller northwest to west-northwest-trending folds 
are most numerous in the upper plate sequence and in the northern and northwestern areas. 

North-northeast-trending folds in the southern and upper Big Creek areas are mostly open, 
plunge north-northeast to northeast, and have large amplitudes and wave lengths (figs 3 
and 5). The northwest to west-northwest-trending folds are small, isoclinal to open folds 
plunging northwest. Arcplitudes range from inches to perhaps tens of feet. Other larger 
unmapped folds are suggested by the presence of numerous crenulations and small folds. 
Crenulations and small folds are concentrated within the axial portions of larger folds in 
the southern area. During the course of mapping, most crenulations observed had magnitudes 
less than 10 millimeters. The folds are less than 3 feet from crest to crest with ampli- 
tudes less than a foot. 

Compression along a generally east-west axis produced the north-northeast to north-trending 
folds. In many observations, westward displacements of a few millimeters occur between thin 
bedding laminae. Some folds are assymetrical with the eastern limbs steeper. East-west 
compression and the primary metamorphism were probably synchronous events. Pyrrhotite and 
quartz segregations are metamorphic phenomena that produce a B-lineation perpendicular to 
the generally east-west compression. In the upper part of Little Squaw Creek pyrrhotite 
and quartz fill minor dilations along the crests of north-northeast trending small folds 
and plunge up to 42 degrees northeast parallel to the dip of the primary foliation (fig 5). 

The northwest to west-northwest trending small folds and crenulations along the northern 
part of the thrust plate are not obviously related to larger folds,although sufficient de- 
tail is lacking in these areas at present. In the upper part of Little Squaw Creek, crenu- 
lations trend N70E and parallel small folds with wave lengths varying from 1 to 3 feet. 
Similar observations were noted along the spur between Little Squaw and Big Squaw Creeks. 
As stated previously, these folds and crenulations are probably related to thrust faulting. 

High-Angle Faulting 

Two sets of high-angle normal faults occur in the mapped area. Prominent N57W trending 
faults have large displacements and trend approximately N30W to the west and northwest 
where they have less offset or terminate. In the southern area, N70E trending faults dis- 
place greenstone intrusions with offsets measured in hundreds of feet. 

Major N57W trending faults have had recurrent movement and are the loci for gold lode de- 
posits. The Mikado fault is nearly vertical and displaces the Mikado Phyllite more than 
500 feet down on the southwest side. The Summit fault dips up to 65' northeast and has 
probably displaced the Dphs unit at least 1500 feet, as shown by the sections in figure 1. 

Other minor N57W trending faults undoubtedly occur within the mapped area. By the con- 
struction of form-line contours(fig 3 ) ,  a fault is inferred in Tobin Pass trending approx- 
imately northwest along the course of the stream. 



PHOTOGRAPHS OF ROADCUT NEAR L I T T L E  SQUAW MINE PORTAL 

(Look ing  approx imate ly  wes t ) .  Bedrock is  Dg ts  un i t  (most ly  schist 
w i th  q u a r t z i t e - s c h i s t  in terbeds here). S o  is p r i m a r y  fo l ia t ion ;  S I  
is ax ia l  plane cleavage trending N 8 0 °  W ,  and d ipp ing  18O S W .  FI 
shows smal l  folds and c renu la t ions  t rend ing  N 85O W, and d ipp ing  
g o - 2 9 O  south. Smal l  fo lds  are p a r t i a l l y  conf ined to jo ints.  a -quar t -  
z i t e  bed .  b - f a u l t  w i t h  minor  reverse displacement. c -no te  f rac tu res  
t rend  E- W (+) w i th  steep south d ip .  

Figure 4 
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F a u l t s  t r e n d i n g  approx imate ly  N70E i n  Pedro  Gulch and t h e  s o u t h e r n  a r e a  d i p  60' t o  7 5 O  
s o u t h e a s t  w i t h  t h e  s o u t h e a s t  s i d e  down. These f a u l t s  do n o t  i n d i c a t e  r e c u r r e n t  movement 
b u t  a r e  l o c i  f o r  q u a r t z  i n  some a r e a s .  A n o r t h - t r e n d i n g  f a u l t  a l o n g  t h e  e a s t  s i d e  of 
t h e  Dome shows g r e e n s c h i s t  o f f s e t  and q u a r t z  v e i n i n g .  T h i s  may b e  a  n o r t h w e s t e r l y  t r e n d -  
i n g  f a u l t  t h a t  h a s  d e f l e c t e d  more n o r t h e r l y  t h a n  most a l o n g  t h e  w e s t e r n  p a r t  of t h e  mapped 
a r e a  . 
Many of t h e  f a u l t  t r a c e s  a r e  obv ious  o n l y  where t h e y  c r o s s  r i d g e  t o p s  and form low p a s s e s .  
Quar tz  f l o a t  i s  common a long  t h e  t r a c e s  of many f a u l t s  and t h e  e a r l y  p r o s p e c t o r s  dug many 
p r o s p e c t  p i t s  which h e l p  i n  t h e  r e c o g n i t i o n  of some f a u l t s .  

U p l i f t  w i t h i n  t h e  Brooks Range g e a n t i c l i n e  began i n  t h e  J u r a s s i c  and c o n t i n u e d  i n t e r m i t -  
t e n t l y  th roughou t  Cre taceous  and T e r t i a r y  t ime  (Payne, 1955) .  The a g e  of h igh-angle  
f a u l t i n g  i n  t h e  Chandalar  a r e a  is  p o s t  t h r u s t i n g  and probably  r e l a t e d  t o  u p l i f t  i n  C r e -  
t a c e o u s  o r  E a r l y  T e r t i a r y  t ime.  B r e c c i a t i o n  and s h e a r i n g  i n  some q u a r t z  v e i n s  i n d i c a t e s  
t h e r e  was more t h a n  one p e r i o d  of movement. 

J o i n t i n g  

Two prominent  j o i n t  p a t t e r n s  occur  i n  t h e  Chandalar  a r e a  (fig 6 ) .  F r a c t u r e s  t r e n d i n g  
N80W and d i p p i n g  65' t o  90' s o u t h  a r e  t h e  most numerous and p e r s i s t e n t .  A few of t h e s e  
j o i n t s  d i p  nor thward a t  h i g h  a n g l e s .  A l e s s  prominent f r a c t u r e  p a t t e r n  o c c u r s  a t  r i g h t  
a n g l e s  t o  t h e  N80W set .  These t r e n d  approx imate ly  NlOE and d i p  a t  h i g h  a n g l e s  e a s t  o r  
wes t .  A few o c h e r  t r e n d s  occur  b u t  a r e  no t  p e r s i s t e n t .  Shal low d i p p i n g  j o i n t s  a r e  ran-  
dom, o f t e n  f ~ l l o w  f o l i a t i o n  and s t o p  a t  s t e e p e r  j o i n t s .  

The t e c t o n i c s  t h a t  produced t h e  p e r s i s t e n t  j o i n t  p a t t e r n s  a r e  h i g h l y  s p e c u l a t i v e .  Eas t -  
t r e n d i n g  j o i n t s  d e p i c t e d  i n  f i g u r e  4  r a r e l y  have minor o f f s e t  and a r e  p robab ly  r e l a t e d  
t o  nor thward compress ion.  Most of t h e s e  e a s t - t r e n d i n g  j o i n t s ,  however,  a r e  e x t e n s i o n a l ,  
and c o n t a i n  vuggy q u a r t z  c r y s t a l s  which may i n d i c a t e  t h e y  a r e  r e l a t e d  t o  t h e  r e l a x a t i o n  
of nor thward d i r e c t e d  compress iona l  f o r c e s  o r  t e n s i o n  produced by nor thward compress ion  
and u p l i f t .  The f a c t  t h a t  t h e  e a s t - t r e n d r n g  j o i n t s  a r e  commonly q u a r t z  f i l l e d ,  and t h a t  
many of t h e  l a r g e r  q u a r t z  v e i n s  s t r i k e  approx imate ly  e a s t ,  s u g g e s t s  t h a t  t h e y  a r e  e a r l y  
f r a c t u r e s  and v e r y  i m p o r t a n t  i n  e x p l o r a t i o n  f o r  g o l d  l o d e s .  

The NlOE t r e n d i n g  j o i n t s  may b e  r e l a t e d  t o  e a r l y  eas t -wes t  compress ion o r  u p l i f t  l a t e r  
t h a n  t h e  q u a r t z  m i n e r a l i z a t i o n .  They do n o t  c o n t a i n  q u a r t z  which s u g g e s t s  t h a t  t h e y  a r e  
l a t e r  o r  were  under  compress ion d u r i n g  t h e  t i m e  of q u a r t z  m i n e r a l i z a t i o n .  

ECONOMIC GEOLOGY 

Gold P l a c e r  D e p o s i t s  

P l a c e r  mining i n  t h e  Chandalar  a r e a  i s  e s t i m a t e d  t a  have produced 40,000 ounces  of g o l d ,  
o r  $1,400,000 a t  $35.00 p e r  ounce (Heiner  and Wolff ,  p  1 4 ) .  C u r r e n t  p l a c e r  mining by 
M r .  Frank Bi rch  on l o b i n  Creek shou ld  add s u b s t a n t i a l l y  t o  t h i s  f i g u r e .  

Known p l a c e r  d e p o s i t s  occur  on upper  Big Creek, lower L i t t l e  Squaw Creek ,  S t .  Mary 's  
Gulch,  Tobin Creek,  and n e a r  t h e  head of Big Sqcaw Creek.  Big Creek was t h e  major  pro- 
ducer  and is  e s t i m a t e d  t o  have produced $500,000 o r  more,  and approx imate ly  $350,000 
s i n c e  1950 (Wolff,  E . ,  p e r s o n a l  communication).  Beiow t h e  a i r s t r i p  on Big  Creek pros-  
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p e c t i n g  i n d i c a t e s  no encourag ing  r e s u l t s  (Frank E i r c h ,  p e r s o n a l  conmiunication),  b u t  
c o a r s e  go ld  is r e p o r t e d  on c l a i m  number 1 9  below d i s c o v e r y  on Big Creek abou t  one m i l e  
s o u t h e a s t  of t h e  mapped a r e a  (unpub l i shed  r e p o r t  by Wm. A .  Hesse ,  mining e n g i n e e r ,  1924) .  

The p l a c e r  go ld  i s  g e n e r a l l y  though t  by e a r l i e r  i n v e s t i g a t o r s  t o  have been  d e r i v e d  from 
t h e  known go ld  l o d e s .  Most of t h e  p l a c e r  d e p o s i t s  mined a r e  j u s t  below m i n e r a l i z e d  
q u a r t z  l o d e s  i n  t h e  a d j a c e n t  bedrock.  Pan samples  i n  Big Creek and S t .  X a r y ' s  Gulch in-  
d i c a t e  t h e  go ld  i s  b r i g h t  ye l low,  i r r e g u l a r  s h o t - l i k e  t o  f l a t t e n e d ,  and a v e r a g e s  abou t  
1 mm w i t h  many nugge t s  2 t o  3  mm. A few nugge t s  c o n t a i n  i n c l u d e d  q u a r t z  c r y s r a l s ,  li- 
moni te ,  and g o e t h i r e ,  and t h e  go ld  o c c u r s  o c c a s i o n a l l y  a s  c r y s t a l s .  

Quar tz  Vein D e p o s i t s  

Known q u a r t z  l o d e s  c o n t a i n i n g  v a r i a b l e  amounts of go ld  a r e  conf ined  mainly  t o  a  n o r t h e a s t  
t r e n d i n g  zone approx imate ly  one m i l e  wide and 2 - l j 2  m i l e s  long  betweeri t h e  Tob in ,  B ig ,  Big 
Squaw, and L i t t l e  Squaw Creeks  a r e a .  A few a d d i t i o n a l  q u a r t z  v e i n s  w i t h  m i n ~ r  g o l d  a r e  
r e p o r t e d  e a s t  of L i t t l e  Squaw Creek ,  and one s m a l l  v e i n  w i t h  v i s i b l e  a r s e n o p y r i t e  was 
found s o u t h  of t h e  l a n d s l i d e  i n  t h e  nor the r r .  a r e a  (sampze 175 ,  Appendix II). 

>lost  of t h e  go ld -bea r ing  q u a r t z  v e i n s  occur  i n  o r  n e a r  N57W t r e n d i n g  normal  f a u l t s ,  and 
l a r g e l y  conf ined  t o  t h e  hanging w a l l s .  Many of t h e  more h i g h l y - m i n e r a l i z e d  v e i n s  occur  
i n  p h y l l i t e  b e d s ,  e s p e c i a l l y  when t h e  f o o t w a l l  i s  h a r d e r  s c h i s t  o r  q u a r t z i t e - s c h i s t .  Ap- 
p a r e n t l y ,  beds  on o p p o s i t e  w a l l s  w i t h  d i f f e r e n t  r e s i s t a n c e  t o  d e f o r m a t i o n  were i m p o r t a n t  
f o r  l o c a l i z a t i o n  of t h e  q u a r t z  v e i n s .  The major  j o i n t  sys tem t r e n d i n g  a p p r o x i m a t e l y  e a s t -  
west  must have been impor tan t  a s  w e l l .  Most of t h e  d i s c o n t i n u o u s  q u a r t z  v e i n s  t r e n d  more 
w e s t e r l y  t h a n  t h e  N57W f a u l t  t r e n d , s u g g e s t i n g  c o n t r o l  by t h e  eas t -wes t  j o i n t s .  Many of 
t h e  e a r l y  i n v e s t i g a t o r s  no ted  from underground o b s e r v a t i o n s  t h a t  q u a r t z  and s u l f i d e s  were 
i n t r o d u c e d  i n  a t  l e a s t  two s t a g e s ,  a s  some of t h e  Q u a r t z  and s u l f i d e s  a r e  s h e a r e d .  Most 
of t h e  q u a r t z  v e i n s  a r e  l e s s  t h a n  10 f e e t  t h i c k  and d i s c o n t i n u o u s .  They p i n c h  o u t  w i t h i n  
a few t e n s  o r  hundreds  of f e e t .  Many a r e  p a r a l l e l  and e n  e c h e l o n ,  and a  few a r e  up t o  a 
few hundred f e e t  away from t h e  major  h igh-angle  f a u l t s .  

Four v e i n  sys tems  have been  p r o s p e c t e d  t o  some d e g r e e  w i t h i n  t h e  n o r t h - e a s t - t r e n d i n g  zone.  
?he Mikado v e i n  is c u r r e n t l y  be ing  mined by t h e  Chandalar  Gold Mining and M i l l i n g  Company, 
and t h e  o t h e r  v e i n  sys tems  have had underground o r  s u r f a c e  developnient work. The f o u r  
v e i n  sys tems  from s o u t h  t o  n o r t h  a r e  t h e  Mikado, S t a r ,  Summit, and L i t t l e  Squaw. Minor 
p r o s p e c t i n g  h a s  been done on t h e  Tonopah c l a i m  ( e a s t e r r m o s t  S t a r  g r o u p ) ,  j u s t  wes t  of t h e  
Big Creek and t h e  upper  a i r s t r i p ;  t h e  Bonanza, Eneveloe ,  Woodchuck, and J u p i t e r  c l a i m s ,  
between t h e  Summit mine and L i t t l e  Squaw Peak a l o n g  t h e  d i v i d e  between L i t t l e  and Big 
Squaw Creeks;  t h e  Grubs take  and P r o s p e c t o r  c l a i m s  n o r t h  of t h e  L i . t t l e  Squaw Mine between 
Big and L i r t l e  Squaw Creeks ;  and t h e  P i o n e e r ,  L i t t l e  Johnny,  M a t c h l e s s ,  and Big Mick c l a i m s  
on t h e  d i v i d e  e a s t  of L i t t l e  Squaw Creek (mos t ly  a f t e r  Reed, 193C). 

On t h e  Mikado v e i n ,  a  s h a f t  100 f e e t  deep w a s  sunk and a t u n n e l  sonie d i s t a n c e  down t h e  h i l l -  
s i d e  was d r i v e n  160 f e e t  b u t  f a i l e d  t o  i n t e r s e c t  t h e  v e i c  (Per t i e ,  1923).  C o n s i d e r a b l y  
more work h a s  been done s i n c e  t h a t  t i m e ,  b u t  t h e  w r i t e r  a i d  n o t  go underground.  Boadway 
(1933) r e l a t e s  t h a t  t h e  Mikado v e i n  i s  exposed i n  t h e  s h a f t  and t u n ~ e l  and c o r s i s t s  of l e n -  
s e s  of a u r i f e r o u s  q u a r t z ,  m o s t l y  on t h e  hanging w a l l  s i d e  of a  gouge f i l l e d  f a u l t .  D r i l l e d  
h o l e s  i n t e r s e c t e d  a d d i t i o n a l  q u a r t z  i n  b o t h  hanging and f o o t w a l l  s i d s s ,  and v e i n s  may b e  
r e p e a t e d  a t  unknown i n t e r v a l s  a l o n g  t h i s  f a u l t  zone f o r  a  c o n s i d e r a b l e  l e n g t h .  One o r e  
shoo t  i n  t h e  Kikado s h a f t  a v e r a g e s  $49.50 p e r  t o n  o v e r  a 35 i n c h  w i d t h  between 10-112 and 
64-1/2 f e e t  deep.  Values  a v e r a g i n g  $37 p e r  t o n  were found between 69 and 89 f e e t  deep. A 
4-foot c r o s s c u t  a t  t h e  bottom of t h e  s h a f t  (99 f e e t )  exposes  a  16-inch v e i n  w i t h  c h a ~ c e l  
samples  i n d i c a t i n g  $79 t o  $439 p e r  t o n  i n  go ld  ( a t  $20 p e r  c u n c e ) .  



Grab sanlples 186 ,  187,  and 188 a r e  from dunip m a t e r i a l  o r  s u r f a c e  exposures  on t h e  L i t t l e  
Mikado c l a i m  (Appendix 11'). A prominent  q u a r t z  v e i n  a l o n g  t h e  road and a t  t h e  c r e s t  of 
t h e  d i v i d e  between S t .  Mary 's  Gulch and Tobin Creek t r e n d s  N7SW and d i p s  56' t o  78' s o u t h  
w i t h  a  b r e c c i a t e d  f o o t w a l l .  The r o a d c u t  going i n t o  S t .  Mary's  Gulch from t h e  c r e s t  ex- 
poses  t h i n  q u a r t z  v e i n s  e n  eche lon  and t r e n d i n g  N70W w i t h  v i s i b l e  s c o r o d l t e  (FeAs04.2H20). 
The s u r f a c e  exposure  of t h e  L i t t l e  Mikado c l a i m  on t h e  Tobin Creek s i d e  of t h e  c r e s t  is 
s i m i l a r  t o  t h a t  on t h e  o t h e r  s i d e ,  e x c e p t  more t h i n  q u a r t z  v e i n s  and gouge zones  a r e  ex- 
posed,  a s  w e l l  a s  more i r o n  s t a i n i n g  i n  t h e  p h y l l i t e .  

The S t a r  group of c l a i m s  i s  s o u t h  of S t .  ~ a r y ' s  Peak a l o n g  t l ie  f a u l t  between t h e  Mikado 
arjd Sixmniit f a u l t s .  A 10-foot s h a f t  was sunk or1 t h e  S t a r  No. 2 c l a i m  and a  few t r e n c h e s  
and p i t s  have been  made on t h e  S t a r  K O .  3  and S t a r  No. 1 c l a i m s  (Reed, 1930) .  S t a r  No. 3  
c l a i m  l i e s  a c r o s s  t l ie  road. and S t a r  No. 1 c l a i m  i s  sc lu theas t  toward Big Creek.  Two p i t s  
a r e  s t i l l  v i s i b l e  i n  t h i s  a r e a  n e a r  t h e  road .  The p i t  c l o s e s t  t o  t h e  road  shows a  6-foot  
w i d e  q u a r t z  v e i n  t h a t  is  p a r t l y  vuggy w i t h  v i s i b l e  a r s e n o p y r i . t e  and s c o r o d i t e .  One g r a b  
sarrple a s sayed  11 ppm go ld  (sample No. 189) .  The v e i n  t r e n d s  approx imate ly  N70W and di.ps 
70" tc  9U0 n o r t h e a s t .  The second and more wester1.y p i t  c o n t a i n s  vuggy, brown-stained 
q u a r t z  w i t h  i n c l u d e d  p h y l . l i t e  f r agments  and minor a r s e n o p y r j t e .  West of t h e  upper  a i r -  
s t r i p  i n  upper  Rig Creek (The Tonopah c l a i m ) ,  a s t r o n g  f r a c t u r e  zone i s  trenc.he$ and is  
probab ly  t h e  c o n t i n u a t i c n  of t h e  S t k r  v e i n  systeni.  The f r a c t u r e  zone is  abcur  50 f e e t  
wide w i t h  ncmerous e a s t - v e s t  f r a c t u r e s  1 / 6  t o  2  i n c h e s  wide and f i l l e d  w i t h  vuggy, i r o n -  
s t a i n e ~  q u a r t z .  The s m a l l  p l a c e r  o c c u r r e n c e  on t h e  e a s t  f o r k  of upper Eig  Squaw Creek i.s 
p r c b a b l y  due t c j  e r o s i o n  of q u a r t z  vei .ns a l o n g  t h ~  nor thwes te r r i  e x t e c s i o n  of t h e  S t a r  f a u l t  
zone.  

The Surnr~i.t mine is j u s t  n o r t h  c.f S t .  Mary 's  Peak a l o n g  t h e  t r a c e  of t h e  S~~nimi t  f a u l t .  P ros -  
p e c t  p i t s  i n  t h e  p a s s  a r e a  between R i g  Creek arid blcClellar. Creek jt.&.st of the map a r e a )  a r e  
a long  t h e  e a s t e r n  e x t e n s i o n  of t.he Summit F a u l t .  P i t s  on t h e  s p u r  going i n t o  b i g  Squaw 
Creek a r e  a l o n g  t h e  w e s t e r n  e x t e n s i o n  of t h e  SumnAt f a u l t .  A s h a f t  was surlk 54 f e e t , a n d  a 
t u n n e l  72 f e e t  iong  was d r i v e n  a l o n g  t h e  veil; a t  t h e  Sunimit mine (Maddren, 1313) .  The veir;  
i s  r e p o r t e d  t o  h e  1-1/?  t o  2  f e e t  wide.  Dump samples  from t h e  Sunimit mine con ta i r :  abundant  
a r s e n o p y r j . t e  arid s c o r c d i t e  i ~ i  a  b r e c c i a t e d  2nd s l ~ e ~ r e d  q u a r t z  n ;a t r ix .  Grab samples  t h e r e  
assayed 0.5 t o  6.6 ppm go ld  (samples  184 and 1 8 5 ) .  The major  q u a r t z  v e i n  on t h e  surfa .ce  
t r e n d s  N 8 0 W  and d i p s  approx imateJy  80' s o u t h .  I n  t h e  p r c s p e c t  p i t s  on t h e  s p u r  go ing  i n t o  
Big Squaw Creek,ni i .n~r  a r s e c o p y r i t e  and s c o r o d i t e  o c c u r s  I n  t h e  q u a r t z  v e i n s  ( J u p i t e r  c l c l m ) .  
Kor th  of t h e  Summit mine a r e a  and s o u t h  of L i t t l e  Squaw Peak,  niinor q u a r t z  v e i n s  c r o p  ou t  
on t h e  Eneveloe  and Bonanza c l a i m s .  P r o s p e c t  p i t s  t h e r e  show s m a l l  and d i s c o n t i n u o u s  q u a r t z  
v e i n s  w i t h  minor g a l e n a  and s c o r o d i t e .  

Boadway (1933) d e s c r i b e s  t h e  L i t t l e  Squaw mine a s  hav ing  a  proven l e n g t h  of 200 f e e t  and a  
d e p t h  of 130 f e e t ,  w i t h  a  weighted a v e r a g e  of $38.50 p e r  t o n  o v e r  4  f e e t  (gold  a t  $20.00 
p e r  ounce) .  S t a n f o r d  (1934) s t a t e s  t h e  a d i t  is  d r i v e n  185 f e e t  on a  v e i n  s t r i k i n g  S75W. 
A r a i s e  a t  160 f e e t  was d r i v e n  t o  t h e  s u r f a c e ,  and a t  135 f e e t  a  winze was sunk 60 f e e t .  
The v e i n  is r e p o r t e d  t o  d i p  approx imate ly  80' s o u t h  and a v e r a g e s  67 i n c h e s  wide.  It i s  
mos t ly  unminera l i zed  q u a r t z  e x c e p t  f o r  a  band of q u a r t z  on t h e  v e i n  f o o t w a l l  8 t o  1 2  i n c h e s  
wide w i t h  a  s t r e a k e d  and r ibbony  a p p e a r a n c e ,  due t o  t h e  p r e s e n c e  of much p y r i t e  and a r s e n o -  
p y r i t e .  F r e e  go ld  is sometimes common i n  t h e  samples ,  and S t a n f o r d  t o o k  t h e  lower of dup- 
l i c a t e  a s s a y s  t o  a r r i v e  a t  a weighted a v e r a g e  v a l u e  o f  0.505 ounces  of go ld  p e r  t o n .  Reed 
(1930) r e p o r t s  t h e  2-stamp m i l l  on S p r i n g  Creek m i l l e d  27 t o n s  from t h e  L i t t l e  Squaw mine 
w i t h  a n  a v e r a g e  r e c o v e r y  of $22.00 p e r  t o n  ($20.00 g o l d ) .  The f r e e  go ld  was p r o b a b l y  t h e  
o n l y  go ld  r e c o v e r e d .  

Samples 182 and 183 r e p r e s e n t  s e l e c t e d  g r a b  samples  from t h e  dump a t  t h e  L i t t l e  Squaw mine.  
No. 182 c o n t a i n s  abundant  s c o r o d i t e  and p robab ly  r e p r e s e n t s  more o x i d i z e d  v e i n  m a t e r i a l .  
It a s s a y e d  59 ppm go ld  by a tomic  a b s o r p t i o n .  Sample 183  c o n t a i n s  abundant  a r s e n o p y r i t e  
and assayed  5 3  ppm g o l d ,  which may r e p r e s e n t  t h e  l e s s  o x i d i z e d  m a t e r i a l .  



Limited p r o s p e c t i n g  on q u a r t z  v e i n s  n o r t h  of t h e  L i t t l e  Squaw mine was performed on b o t h  
s i d e s  of L i t t l e  Squaw Creek ,  b u t  n o t h i n g  i s  s t a t e d  r e g a r d i n g  v a l u e s  and c h a r a c t e r i s t i c s .  
No prominent  v e i n s  were observed i n  t h i s  a r e a .  

Along t h e  e x t e n s i o n s  of t h e  h igh-ang le  f a u l t s  i n  t h e  n o r t h w e s t e r n  a r e a ,  minor q u a r t z  min- 
e r a l i z a t i o n  i s  e v i d e n t  by numerous c h i p s  o r  b o u l d e r s  of q u a r t z  f l o a t  found l o c a l l y .  The 
q u a r t z  i n d i c a t e s  r a r e  b r e c c i a t i o n  and no obv ious  s i g n s  of s u l f i d e  m i n e r a l i z a t i o n ;  however,  
no p r o s p e c t  p i t s  expose  t h e  q u a r t z  v e i n s  i n  t h e s e  a r e a s .  I n  t h e  s o u t h e r n  a r e a  a l o n g  t h e  
n o r t h e a s t  t r e n d i n g  f a u l t ,  q u a r t z  v e i n s  up t o  20 f e e t  wide occur  w i t h o u t  n o t i c e a b l e  b r e c c i -  
a t i o n  o r  m i n e r a l i z a t i o n .  Smal l  and e n  e c h e l o n  q u a r t z  v e i n s  w i t h  abundant  gossan  (p robab ly  
a f t e r  p y r i t e )  occur  i n  sample a r e a s  167 ,  168 ,  and 169. These a r e  g r a b  samples  o f  q u a r t z  
f l o a t  w i t h  t h e  h i g h e s t  a s s a y i n g  0.14 ppm g o l d .  Each sample as sayed  100 ppm ant imony by 
s p e c t r o g r a p h i c  a n a l y s i s ,  which is  q u i t e  low b u t  p o s s i b l y  s i g n i f i c a n t .  E a s t  o f  t h e  Dome, 
l a r g e  and d i s c o n t i n u o u s  q u a r t z  v e i n s  occur  a l o n g  t h e  c o u r s e  of a  n o r t h - t r e n d i n g  f a u l t .  
They a r e  p robab ly  r e l a t e d  t o  t h e  g r e e n s t o n e  i n t r u s i o n  t h e r e .  A  h a s t y  o b s e r v a t i o n  i n d i c a t e s  
no b r e c c i a t i o n  o r  m i n e r a l i z a t i o n .  

M i n e r a l i z a t i o n  of t h e  Gold-Quartz Lodes 

White,  c r y s t a l l i n e  t o  m i c r o c r y s t a l l i n e  q u a r t z  i s  t h e  dominant gangue m a t e r i a l  i n  a l l  t h e  
go ld  l o d e s .  C r y s t a l s  of q u a r t z  commonly p r o j e c t  i n t o  s m a l l  vugs  t h a t  r a r e l y  c o n t a i n  s u l -  
f i d e s  o r  l i m o n i t i c  m a t e r i a l .  Banding i n  q u a r t z  v e i n s  i s  produced by s h e a r i n g  and e lon-  
g a t e d  c a v i t i e s  t h a t  p a r a l l e l  t h e  v e i n  w a l l s .  I n c l u s i o n s  of bedrock w i t h i n  q u a r t z  v e i n s  
a r e  more c h l o r i t i c  and o f t e n  c o n t a i n  s m a l l  cubes  of p y r i t e .  S i d e r i t e  o c c u r s  i n  minor a- 
mounts i n  samples  from t h e  L i t t l e  Mikado l o d e .  

The s u l f i d e  c o n t e n t  of t h e  m i n e r a l i z e d  q u a r t z  v e i n s  i s  l e s s  t h a n  5 p e r c e n t ,  w i t h  t h e  p r i n -  
c i p a l  s u l f i d e s  b e i n g  a r s e n o p y r i t e ,  g a l e n a ,  s p h a l e r i t e ,  and p y r i t e ,  i n  t h a t  o r d e r  of r e l a -  
t i v e  abundance.  Massive  a r s e n o p y r i t e  w i t h  s c o r o d i t e  (FeAs04.2H20) o c c u r s  i n  s m a l l  s e g r e -  
g a t i o n s  i n  Summit and L i t t l e  Squaw l o d e  samples .  Galena and s p h a l e r i t e  w i t h  s u b o r d i n a t e  
a r s e n o p y r i t e  and p y r i t e  a p p e a r  t o  b e  more common i n  L i t t l e  Mikado samples .  

Na t ive  go ld  i n  s m a l l  f l a k e s  o r  w i r e s  is common i n  t h e  L i t t l e  Mikado and L i t t l e  Squaw l o d e s .  
Gold c o n c e n t r a t i o n s  a r e  most common a long  s u l f i d e  b o r d e r s  o r  i n  t h e  q u a r t z  n e a r  s u l f i d e s .  
A p o l i s h e d  s e c t i o n  of t h e  L i t t l e  Mikado l o d e  sample  shows go ld  i n  b l e b s  a s  s m a l l  a s  4 m i -  
c r o n s  i n  g a l e n a ,  and most commonly a l o n g  g a l e n a  b o r d e r s  a d j a c e n t  t o  a r s e n o p y r i t e .  Arseno- 
p y r i t e  and minor p y r i t e  r e p l a c e  g a l e n a  i n  p a r t ,  and go ld  r e p l a c e s  g a l e n a  and a r s e n o p y r i t e .  
Smal l  i s l a n d s  of u n r e p l a c e d  g a l e n a  were  no ted  w i t h i n  a r s e n o p y r i t e ,  and a r s e n o p y r i t e  pene- 
t r a t e s  g a l e n a  a l o n g  c l e a v a g e  p l a n e s  and f r a c t u r e s .  I n  t h e  more o x i d i z e d  sa icp les ,  c r y s t a l -  
l i n e  g o l d  r a r e l y  o c c u r s  i n  vugs  and may b e  secondary  o r  r e s i d u a l  c o n c e n t r a t i o n s  l e f t  from 
o x i d i z e d  and l eached  s u l f i d e s .  

S c o r o d i t e  and l i m o n i t e ( ? )  a r e  t h e  most abundant  o x i d a t i o n  p r o d u c t s .  B e u d a n t i t e  (PbFe3- 
( A s O ~ ) ( S O ~ ) ( ~ H ) ~ )  was i d e n t i f i e d  by X-ray d i f f r a c t i o n  i n  one sample  of go ld -quar tz  i n  a n  
a r e a  of numerous and p a r a l l e l  j o i n t s  j u s t  n o r t h  of t h e  L i t t l e  Mikado l o d e  and i n  t h e  p a s s  
a r e a  going i n t o  Big Squaw Creek. L imoni te  was n o t  i d e n t i f i e d  by X-ray d i f f r a c t i o n ,  b u t  
d i a s p o r e  (Al203.H20) may b e  p r e s e n t  i n  t h e  l i m o n i t i c  t y p e  of m a t e r i a l .  

O r i g i n  of t h e  Gold-Quartz Lodes 

G r a n i t i c  r o c k ,  p o s s i b l y  of p e g m a t i t i c  c h a r a c t e r  was p o s t u l a t e d  by M e r t i e  (1923) a s  t h e  
p o s s i b l e  s o u r c e  of m i n e r a l i z a t i o n .  H e  s t a t e s  t h a t  g r a n i t i c  g n e i s s  t o o  s m a l l  t o  b e  mapped 



was found nea r  t h e  Chandalar  a r e a  on tile n o r t h  s i d e  of G l a c i e r  Va l l ey .  The p o s t u l a t e d  
g r a n i t i c  s o u r c e  is  based l a r g e l y  on t h e  p resence  of monazi te  i n  t h e  p l a c e r s .  I n  one t h i n  
i e c t i o n  of g r e e n s c h i s t ,  m o n a z i t e ( ? )  may be p r e s e n t  i n  v e r y  s m a l l  c r y s t a l s  which would r e -  
l a t e  t h e n  t o  t h e  g r e e n s t o n e s .  Boadway (1934) ,  from t h e  p r e s e n c e  of monaz i t e  and r u t i l e  
i n  t:,e p l a c e r s ,  s u g k e s t s  a  g e n e t i c  a s s o c i a t i o n  between t h e  gold-bear ing q u a r t z  v e i n s  and 
a g r a n i t i c  rock ,  probably  a  d i o r i t e .  The o n l y  o c c u r r e n c e  of r u t i l e  found i s  i n  t h e  q u a r t z -  
a l b i t e  v e i n  m a t e r i a l  i n  Tobin Creek.  T h i s  sample i n d i c a t e s  a  g e n e t i c  a s s o c i a t i o n  w i t h  t h e  
a l b i t i z a t i o n  of t h e  g r e e n s t o n e .  

The knoiqn gold  m i n e r a l i z a t i o n  i s  conf ined  t o  a  n o r t h e a s t - t r e n d i n g  zone which is  p a r a l l e l  
t o  t h e  n o r t h e a s t  s t r u c t u r a l  t r e n d  p o s t u l a t e d  t o  b e  of L a t e  J u r a s s i c  age  (Reg iona l  S t r u c -  
t u r e  s e c t i o n ) .  Large g r a n i t i c  i n t r u s i o n s  a r e  mapped west  of Chandalar  w i t h  g e n e r a l l y  
n a r t h e a s t  t r e n d s  (Brosge and K e i s e r ,  1964) .  It i s  t e n a b l e  t h a t  t h e  g o l d  m i n e r a l i z a t i o n  
i n  t h e  Chandalar  a r e a  cou ld  be r e l a t e d  t o  a b u r i e d  g r a n i t i c  i n t r u s i o n ,  and t h a t  t h e  l a t e r  
c r o s s  f r a c t u r e s  tapped r e s i d u a l  s o l u t i o n s  g e n e t i c a l l y  r e l a t e d  t o  t h e  i n t r u s i v e  p r o c e s s .  
S l i g h t  doming may b e  p r e s e n t  i n  t h e  m i n e r a l i z e d  a r e a  s u g g e s t i n g  a  p o s s i b l e  b u r i e d  i n t r u -  
s i o n  (sect iof i  &B', 3 3  Z), n e a r  Mikado f a u l t .  La rge r  g r e e n s t o n e  i n t r u s i o n s , h o w e v e r ,  pro- 
duced minor warping of t h e  h o s t  r o c k s  a s  w e l l .  

Quar tz  v e i n s  a r e  l o c a l i z e d  a long  N57W t r e n d i n g  h igh-ang le  f a u l t s  a s  w e l l  a s  n e a r  l a r g e r  
g r e e n s t o n e  b o d i e s .  Many of t h e  e a s t - t r e n d i n g  j o i n t s  c o n t a i n  vuggy q u a r t z  a s  w e l l ,  b u t  
t h e s e  occur  p r i m a r i l y  nea r  h igh-ang le  f a u l t s  and i n  t h e  g e n e r a l  a r e a  of known go ld -quar tz  
m i n e r a l i z a t i o n .  I n  t h e  Big Creek and S t .  Mary 's  Gulch a r e a s ,  e a s t - t r e n d i n g  j o i n t s  i n  t h e  
lower p l a t e  s l a t e  and p h y l l i t e ,  j u s t  benea th  t h e  t h r u s t  f a u l t  c o n t a c t  w i t h  upper  p l a t e  
r o c k s ,  a r e  c lose ly - spaced  and p a r t l y  f i l l e d  w i t h  vuggy q u a r t z .  

Tlie s p a t i a l  d i s t r i b u t i o n  of q u a r t z  v e i n s  n e a r  l a r g e r  g r e e n s t o n e  b o d i e s  s u g g e s t s  t h a t  some 
q u a r t z  v e i n s  a r e  g e n e t i c a l l y  r e l a t e d  t o  t h e  g r e e n s t o n e  i n t r u s i o n s  o r  t o  metasomatism asso-  
c i a t e d  w i t h  them. Minor s i l i c i f i c a t i o n  and more p e r v a s i v e  a l b i t i z a t i o n  of t h e  g reens tone-  
g r e e n s c h i s t  b o d i e s ,  a s  w e l l  a s  l o c a l  a r e a s  a l o n g  c o n t a c t s ,  is  s u g g e s t e d  by f i e l d  r e l a t i o n s  
and t h i n  s e c t i o n  s t u d i e s .  

Q u a r t z - a l b i t e  s e g r e g a t i o n s  l i k e  t h a t  found i n  g r e e n s t o n e  i n  Pedro  Gulch (sample 190) occur  
i n  two o t h e r  a r e a s .  A s m a l l  p i e c e  of q u a r t z - a l b i t e  f l o a t  was found i n  t h e  a r e a  e a s t  of 
t h e  Dome, and i n  Tobin  Creek a l o n g  t h e  road j u s t  up from t h e  Chandalar  m i l 1 , q u a r t z - a l b i t e  
~ e i n  m a t e r i a l  (sample 191) was found i n  a n  a r e a  of numerous q u a r t z - l i m o n i t e - f i l l e d  j o i n t s  
(sample 178) .  The q u a r t z - a l b i t e  m a t e r i a l  i n  Tobin  Creek c o n t a i n s  r u t i l a t e d  q u a r t z  c r y s t a l s  
up t o  25 mrn l ong  and a l b i t e  c r y s t a l s  up t o  5 mm long  i n  a  l i m o n i t e  m a t r i x .  Samples 190 and 
1 9 1  i n d i c a t e  a  f a i r  t r ace -e lement  comparison,  e x c e p t  t h a t  sample  1 9 1  c o n t a i n s  more s t r o n -  
t ium . 
Stream-sediment geochemis t ry  does  n o t  s u g g e s t  a r e l a t i o n s h i p  between g o l d  m i n e r a l i z a t i o n  
and t h e  g r e e n s t o n e s ,  nor  does  t h e  s p a t i a l  d i s t r i b u t i o n  of known go ld  d e p o s i t s .  The n o r t h -  
e a s t - t r e n d i n g  zone c o n t a i n i n g  go ld  d e p o s i t s  i s  c h a r a c t e r i z e d  main ly  by somewhat h i g h e r  
copper  v a l u e s  i n  t h e  s t r e a m  sed iment  samples  (fig 2 ) .  The g r e e n s t o n e s  do n o t  r e f l e c t  h igh-  
e r  copper  v a l u e s ,  b u t  l o c a l l y  r e f l e c t  h i g h e r  molybdenum, chromium, an t imony ,  c o b a l t ,  n i c k e l ,  
and p o s s i b l y  z i n c  and vanadium. 

A bedrock o r  r e g i o n a l  metamorphic o r i g i n  i s  n o t  i n d i c a t e d  by l i m i t e d  sampl ing .  P y r r h o t i t e  
s e g r e g a t i o n s  i n  t h e  P h y l l i t e - S c h i s t  u n i t  ( ~ p h s )  may s u g g e s t  minor s y n g e n e t i c  s u l f i d e s  t h a t  
were l a t e r  r e m o b i l i z e d  and c o n c e n t r a t e d  d u r i n g  r e g i o n a l  metamorphism. T h i s  m i n e r a l i z a t i o n  
c o u l d  a l s o  have been i n t r o d u c e d  from a n  e x t e r n a l  s o u r c e  d u r i n g  r e g i o n a l  metamorphism. One 
p y r r h o t i t e  sample (No. 164)  a s s a y e d  r e l a t i v e l y  h i g h  v a l u e s  i n  c o p p e r ,  l e a d ,  molybdenum, 
s i l v e r ,  c o b a l t ,  i r o n ,  t i n ,  t u n g s t e n ,  lanthanum,  ant imony,  and b i smuth .  Sample 166 r e p r e -  
s e n t s  t h e  P h y l l i t e - S c h i s t  (Dphs) over  a  d i s t a n c e  of 100 f e e t  (random c h i p  samples  e v e r y  5 
f e e t  o r  s o ) ,  and e x c l u s i v e  of most q u a r t z  and p y r r h o t i t e .  T h i s  sample  was n o t  anomalous 
e x c e p t  i n  antimony. The Black S c h i s t  u n i t  (Dbls)  was s e l e c t i v e l y  sampled (Nos. 1 9 1  and 
173) e x c l u s i v e  of q u a r t z ,  and i n d i c a t e s  s l i g h t l y  h i g h e r  v a l u e s  i n  ba r ium and t u n g s t e n .  



Sample 173 c o n t a i n s  5% i r o n  and 100 ppm boron b u t  may b e  a l t e r e d  due t o  t h e  p rox imi ty  
of a s m a l l  q u a r t z  v e i n  a s s a y i n g  0.14 ppm gold (sample 1 7 2 ) .  



G E O C H E M I S T R Y  

Geochemical s t u d i e s  i n c l u d e  t h e  c o l l e c t i o n  and a n a l y s e s  of 147 s t ream-sediment  and 28 
v e i n  and bedrock samples .  Sample c o l l e c t i o n  s i t e s  a r e  shown on f i g u r e  2 ( i n  p o c k e t ) ,  
w i t h  samples  c o n s i d e r e d  anomalous i n  s o l i d  c o l o r  a l o n g  w i t h  t h e  l i s t e d  anomalous e l e -  
ments.  I n  g e n e r a l ,  t h e  g e o c h e f i ~ i c a l  d i s t r i b u t i o n  i n d i c a t e s  a d e q u a t e l y  t h e  known min- 
e r a l i z e d  a r e a s ,  a s  w e l l  a s  o t h e r  a r e a s  d e s e r v i n g  more a t t e n t i o n .  C o l l e c t i o n  s i te  i n t e r -  
v a l s  a v e r a g e  approx imate ly  o n e - t h i r d  of a  m i l e ,  and a c l o s e r  g r i d  w i t h  s o i l  samples  is 
s u g g e s t e d  f o r  t h e  d e t e c t i o n  of s m a l l  go ld  v e i n s .  

STREAM SEDIMENT SAMPLES AND ANALYTICAL METHODS 

Stream sediment  samples  c o n t a i n  t h e  f i n e r  f r a c t i o n s  of sand and s i l t  t a k e n  i n  t h e  a c t i v e  
p a r t s  of s t r e a m s  o r  s m a l l  t r i b u t a r i e s .  Organic  m a t e r i a l  was exc luded  when p o s s i b l e .  Sam- 
p l e s  were  d r i e d ,  s c r e e n e d  t o  -80 mesh, and a n a l y z e d  by a tomic  a b s o r p t i o n  f o r  c o p p e r ,  l e a d ,  
and z i n c  by Namok Cho i n  t h e  D i v i s i o n  of Mines and Geology l a b o r a t o r y  ( s e e  Anderson and 
Cho, 1969, f o r  s p e c i f i c  methods) .  S e m i q u a n t i t a t i v e  s p e c t r o g r a p h i c  a n a l y s i s  f o r  30 e l e -  
ments  and a  computer program t o  t a b u l a t e  t h e  samples  and c a l c u l a t e  s t a t i s t i c a l  c h a r a c t e r -  
i s t i c s  of t h e  a n a l y t i c a l  d a t a  were under  t h e  d i r e c t i o n  of L .  E. H e i n e r ,  Mining E n g i n e e r ,  
U n i v e r s i t y  of Alaska.  Samples were  a n a l y z e d  i n  camp by d i t h i z o n e  f i e l d  t e s t s  d e s c r i b e d  
by Hawkes (1963) b e f o r e  b e i n g  s e n t  t o  t h e  l a b o r a t o r y .  

The computer program i n c l u d e s  t h e  c a l c u l a t i o n  o f  t h e  mean, t h e  s t a n d a r d  d e v i a t i o n ,  t h r e s -  
h o l d ,  and anomaly f o r  b o t h  normal and lognormal  d i s t r i b u t i o n s ,  a s  w e l l  a s  h i s t o g r a m s  of 
f r equency  d i s t r i b u t i o n s  f o r  s e l e c t e d  e l e m e n t s  (Appendices III, I V ,  and V). Thresho ld  and 
anomalous v a l u e s  f o r  e a c h  e lement  were computed by methods d e s c r i b e d  by Hawkes and Webb 
(1962, p  30) .  Thresho ld  v a l u e  is t a k e n  a s  t h e  mean p l u s  t w i c e  t h e  s t a n d a r d  d e v i a t i o n  and 
anomalous v a l u e  a s  t h e  mean p l u s  t h r i c e  t h e  s t a n d a r d  d e v i a t i o n .  These  v a l u e s  a r e  meaning- 
f u l  f o r  a  normal d i s t r i b u t i o n  and l e s s  r e l i a b l e  t h e  more t h e  d a t a  d e p a r t s  from normalcy.  
To c a l c u l a t e  a v e r a g e s  and s t a n d a r d  d e v i a t i o n q a  v a l u e  e q u a l  t o  one h a l f  t h e  v a l u e  of t h e  
lower d e t e c t i o n  l i m i t  o r  t h e  c r u s t a l  a v e r a g e  f o r  t h e  e l ement ,  whichever  was l e s s ,  was sub- 
s t i t u t e d  f o r  v a l u e s  below d e t e c t i o n  l i m i t s  (ND). 

Computed anomalous v a l u e s  f o r  copper  (102 ppm) appeared t o  b e  unreasonab ly  h i g h .  I n  f i g -  
u r e  2 ,  samples  w i t h  80  ppm copper  o r  more a r e  i n  s o l i d  c o l o r  and c o n s i d e r e d  p o s s i b l y  anom- 
a l o u s  f o r  t h i s  a r e a .  For t h e  o t h e r  e l e m e n t s , t h e  computed anomalous v a l u e s  a p p e a r  t o  b e  
adequa te ;  however, many of t h e  e l e m e n t s  s u c h  a s  niobium, y t t r i u m ,  s t r o n t i u m ,  chromium, 
and c o b a l t  a r e  n o t  no ted  i n  f i g u r e  1. There  i s  some doubt  whe the r  t h e  computed anomalous 
v a l u e s  a r e  s i g n i f i c a n t .  

DISCUSSION OF STREAM SEDIMENT ANOMALIES 

I n  g e n e r a l ,  t h r e e  a r e a s  c o n t a i n  anomal ies  w i t h  m o s t l y  d i f f e r e n t  s u i t e s  of e l e m e n t s .  The 
upper  Tobin ,  L i t t l e  and Big Squaw Creeks  a r e a  c o n t a i n s  p r o b a b l y  anomalous copper  and s i l -  
v e r .  T h i s  i s  approx imate ly  t h e  a r e a  of t h e  known go ld  l o d e  d e p o s i t s .  T h e r e f o r e ,  h i g h e r  
copper  and s i l v e r  v a l u e s  a r e  p robab ly  t h e  most s i g n i f i c a n t  f o r  t h e s e  d a t a .  The s o u t h e r n  
a r e a  i n d i c a t e s  anomalous molybdenum, i r o n ,  t i n ,  and b i s m u t h ( ? ) .  The n o r t h w e s t e r n  a r e a  
c o n t a i n s  a  few samples ,mos t ly  w i t h  anomalous l e a d  and molybdenum (Append& v) .  



Upper Tob in ,  L i t t l e  and Big Squaw Creeks  Area 

Upper Tobin  Creek samples  (94-96) a v e r a g e  76 pprn c o o p e r .  Big Squaw Creek samples  
(38-55) a v e r a g e  87 pprn copper .  The a v e r a g e  copper  v a l u e  f o r  t h e  whole mapped a r e a  i s  
46 ppm. The a v e r a g e  l e a d  v a l u e  f o r  t h i s  a r e a  is  v e r y  n e a r l y  t h e  a v e r a g e  f o r  t h e  whole 
a r e a ,  and t h e  z i n c  a v e r a g e  is s l i g h t l y  h i g h e r .  

For t h e  t o t a l  26 samples  i n  t h i s  a r e a ,  5 c o n t a i n  1 pprn s i l v e r ,  3 c o n t a i n  100 pprn y t t r i u m ,  
4 c o n t a i n  100 pprn ant imony,  1 c o n t a i n s  20 pprn molybdenum, and 1 c o n t a i n s  1 0  pprn g o l d .  
The anomalous go ld  sample (94) was t a k e n  v e r y  n e a r  bedrock on s t r i p p e d  ground p r i o r  t o  
s l u i c i n g .  The s e m i q u a n t i t a t i v e  s p e c t r o g r a p h i c  a n a l y s i s  f o r  s i l v e r  s h o u l d  b e  c o n s i d e r e d  
w i t h  c a u t i o n ,  a s  t h e  method is s u b j e c t  t o  p e r s o n a l  i n t e r p r e t a t i o n  and a  v a l u e  of 1 pprn 
is v e r y  n e a r  t h e  l i m i t s  of d e t e c t i o n .  

Sou the rn  Area 

The s o u t h e r n  a r e a  i n c l u d e s  sample s i t e s  85 th rough  8 9 ,  and 107 and 108. Samples 86 and 
88 c o n t a i n  1 0  t o  20 p e r c e n t  i r o n ,  1 0  t o  20 pprn t i n ,  and 1 0  pprn bismuth.  

Quar tz  v e i n s  i n  t h e  a r e a  a r e  f a i r l y  numerous, e s p e c i a l l y  n e a r  t h e  c r e s t  of t h e  h i l l .  Sam- 
p l e s  167-169, 176, and 177 a r e  of q u a r t z  f l o a t  o r  v e i n s  i n  t h i s  a r e a .  Sample 168 i n d i -  
c a t e s  0.14 pprn g o l d .  Samples 168 and 169 c o n t a i n  50 pprn t u n g s t e n  and 100 pprn ant imony,  
b u t  l e s s  t h a n  1 0  pprn t i n .  

Anomalous c o n c e n t r a t i o n s  of molybdenum w i t h  h i g h e r  v a l u e s  i n  chromium and n i c k e l  may in -  
d i c a t e  a  g e n e t i c  r e l a t i o n s h i p  t o  t h e  g r e e n s t o n e  i n  t h e  s o u t h e r n  a r e a .  The t i n  and b i s -  
muth a s s o c i a t i o n  s u g g e s t s  a  g e n e t i c  r e l a t i o n s h i p  t o  a  more f e l s i c  i n t r u s i o n  t h a n  t h e  
g r e e n s t o n e .  Greens tone  i n t r u s i o n s  i n  Pedro Gulch may have caused  t h e  h i g h e r  z i n c  and 
vanadium v a l u e s  i n  s t r e a m  sed iment  samples  76 and 78;  and i n  t h e  n o r t h e r n  a r e a ,  samples  
1 3  and 14 n e a r  t h e  g r e e n s t o n e  a r e  anomalous i n  molybdenum and ant imony.  

Nor thwes te rn  Area 

Most of t h e  anomalous samples  i n  t h e  n o r t h w e s t e r n  a r e a  occur  i n  unmapped a r e a s  and t h e i r  
s i g n i f i c a n c e  i s  l a r g e l y  s p e c u l a t i v e .  A d d i t i o n a l  sampl ing  may b e  w a r r a n t e d , a s  many o f  t h e  
samples  i n d i c a t e  anomalous c o n c e n t r a t i o n s  of l e a d .  Samples 9 ,  1 2 ,  1 5 ,  and 136 v a r y  be- 
tween 70 pprn and 100 pprn l e a d  by a tomic  a b s o r p t i o n  a n a l y s e s .  Sample 134 a s s a y e d  by a tomic  
a b s o r p t i o n  130 pprn copper ,  990 pprn l e a d ,  420 pprn z i n c ,  and by s p e c t r o g r a p h i c  a n a l y s i s  20 
pprn molybdenum and 5 ppm s i l v e r .  T h i s  sample  was r e r u n  by bo th  methods w i t h  s i m i l a r  re- 
s u l t s .  The a r e a  would b e  a l o n g  t h e  p r o j e c t e d  e x t e n s i o n  of t h e  Summit f a u l t .  

Nearer  t h e  g r e e n s t o n e  i n  t h e  n o r t h w e s t e r n  a r e a ,  samples  1 3  and 1 4  showed h i g h e r  concen- 
t r a t i o n s  of molybdenum, c o b a l t ,  chromium, ant imony,  n i c k e l ,  and s t r o n t i u m .  T h i s  s u i t e  
of e l e m e n t s  would appear  t o  r e f l e c t  t h e  i n f l u e n c e  of t h e  g r e e n s t o n e .  



G U I D E S  T O  M I N E R A L I Z A T I O N  

1. The Wiseman-Chandalar g o l d  b e l t  may compr i se  a  un ique  s t r u c t u r a l  s e t t i n g ,  
whereby a  l a r g e  a r e a  may have p o t e n t i a l  f o r  g o l d  and o t h e r  m i n e r a l  c o n c e n t r a t i o n s .  
Lode and p l a c e r  g o l d  o c c u r r e n c e s  a r e  known between t h e  John R i v e r  i n  t h e  Wiseman 
q u a d r a n g l e ,  and t h e  Sheen jek  R i v e r  i n  t h e  w e s t e r n  p a r t  of  t h e  Co leen  q u a d r a n g l e  
( approx ima te ly  180 m i l e s  from wes t  t o  e a s t ) .  

F a v o r a b l e  s t r u c t u r e s  on t h e  r e g i o n a l  s c a l e  a p p e a r  t o  b e  a l o n g  t h e  s o u t h e r n  b o r d e r s  of  
l a r g e  n o r t h e a s t - t r e n d i n g  f o l d s  and n o r t h  of g e n e r a l l y  e a s t - t r e n d i n g  f o l d s  and g r a n i t i c  
i n t r u s i o n s .  High-angle f a u l t s  and a  s t r o n g  j o i n t  p a t t e r n  a r e  l o c i  f o r  m i n e r a l i z a t i o n  
on t h e  l o c a l  s c a l e .  

2 .  Based upon t h e  Chanda la r  a r e a ,  p h y l l i t e  i n  f a u l t  c o n t a c t  w i t h  more r e s i s t a n t  
s c h i s t  and q u a r t z i t e i s  p r o b a b l y  t h e  most f a v o r a b l e  l i t h o l o g i c  c r i t e r i o n .  

3. N o r t h e a s t - t r e n d i n g  g r a n i t i c  i n t r u s i o n s  s u g g e s t  more of a  g e n e t i c  r e l a t i o n s h i p  
t o  g o l d  m i n e r a l i z a t i o n  t h a n  do g r e e n s t o n e s ,  b u t  some q u a r t z  v e i n s  may b e  g e n e t i c a l l y  
r e l a t e d  t o  g r e e n s t o n e s .  

4. P y r r h o t i t e  and o t h e r  s u l f i d e s  i n  f a v o r a b l e  p h y l l i t e - s c h i s t  beds  may b e  o r i g i -  
n a l  s y n g e n e t i c  o r  ne tamorph ic  f e a t u r e s ,  s u g g e s t i n g  t h e  p o s s i b i l i t y  of s y n g e n e t i c  cop- 
p e r  o r  l e a d - z i n c  d e p o s i t s .  

5. B r e c c i a t e d ,  s t r e a k e d ,  and vuggy q u a r t z  v e i n s  w i t h  a r s e n o p y r i t e  o r  s c o r o d i t e  
a r e  f a v o r a b l e  f o r  g o l d  m i n e r a l i z a t i o n  i n  t h e  Chanda la r  a r e a .  However, t r e n c h i n g  may 
b e  n e c e s s a r y  t o  expose  t h e s e  f a v o r a b l e  f e a t u r e s ,  a s  many q u a r t z  v e i n s  a r e  o x i d i z e d  on 
t h e  s u r f a c e  w i t h  o n l y  a  l i t t l e  mass ive  q u a r t z  f l o a t  exposed .  

6 .  P l a c e r  g o l d  o c c u r r e n c e s  may b e  e x p e c t e d  c l o s e  t o  q u a r t z  v e i n s ,  a s  i n  No. 5 
above,  and p o s s i b l y  n e a r  t h i n  and l e n t i c u l a r  q u a r t z  v e i n s  o r  vuggy q u a r t z  f i l l i n g  
j o i n t s .  Converse ly ,  go ld -quar t z  v e i n  d e p o s i t s  may occur  n e a r  p l a c e r  d e p o s i t s .  

7 .  Copper,  and p o s s i b l y  s i l v e r ,  a r e  a p p a r e n t l y  t h e  b e s t  geochemica l  t r a c e  e l e m e n t s  
f o r  t h e  d e t e c t i o n  of g o l d  v e i n s  i n  t h e  Chanda la r  a r e a .  

8. Anomalous l e a d  c o n c e n t r a t i o n s  i n  s t r e a m  s e d i m e n t s  a l o n g  t h e  e x t e n s i o n  of  t h e  
Summit f a u l t  and i n  t h e  n o r t h w e s t e r n  p a r t  of t h e  Chanda la r  a r e a  w a r r a n t  a d d i t i o n a l  
sampl ing and a n a l y s e s .  

9 .  S t ream-sediment  samples  n e a r  g r e e n s t o n e  i n t r u s i o n s  c o n t a i n  anomalous concen- 
t r a t i o n s  of molybdenum, ant imony,  chromium, n i c k e l ,  c o b a l t ,  z i n c ( ? ) ,  and vanad ium(?) .  
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APPEPDIX I 1  

flock Sample Ana ly s rb  of rtie Chandalar  Area - A r o n i c  Abso rp t i on  and Semi-quantitative Emission Spectrograph ~ ~ a l y o e s  

( a l l  v a l u e r  ~n p a r t s  pe r  n , i l l i on  [ppml u n l e s s  i n d i c a t e d  orherwia.) 
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2000 500 50 20 

20 100 5  NU 

20 100 5 NO 

?m 100 s ND 

20 200 5  NO 

ND 100 5 NO 

ND 200 ND NU 

1 0  200 5  NO 

ND 100  2 ND 

20 200 10 ND 

20 200 5  A0 

ND 100 ND ND 

N D N D N D N D  

ND 100  5  ND 

1 o N D 5 N D  

ND 100  ND NO 

NA NA NA NA 

ND 100 5  ND 

1 0  100  5 1 

100 200 20 5 

10 100 ND ND 

100  200 10 2  

20 100 5 1 

*1 .0  *1.0 ND 500 

10 100 ND 20 

ND 100 ND ND 

N D N D N D N D  

N D N D I r n N D  

Values reported in percent rarher than ppm. 

t Denotes atomic a b s o r p t i o n  a n a l y s i s  

ND Not d e t e c t e d  ( s e e  d e t e c t i o n  l i m i t s ,  appendix V I )  

NA hot assayed 

q t r  - quartz 
l i n  - l i m o n i t e  

v - r e i n  



B I a $ ~2~ J " 
. > . 2 ; 2  5 5 
d m " :  - 
.II " v m r 

N d Z m z - > 4  m w *  4 m u 0 Rock Sample Uesc r ip t i vns  

ND 50 100 

ND ND 50 

2 HD L U  

ND PO NU 

1 ND 50 

1 :Jb 50 

1 N3 ND 

2 ND 50 

ND ND hD 

2 hD m 

1 ND .w 

1 N D  ND 

i N3 NU 

.W I*lJ ND 

2 ND ND 

ND NU hD 

NA hA NA 

N D N D N D  

XU NJ ND 

1 50 100 

1 NU ND 

1 20 ND 

5 hD ND 

ND NU ND 

ND ND ND 

N D N D N D  

N D N D N D  

5 N D  ND 

NU 50 50 NU 

ND 20 so ND 

20 20 100 hD 

N D N D  W N D  

ND 20 20 !C 

N D N D  2 0 m  

ND ND 10 NU 

10 Nu I00 ND 

XT ND 20 ND 

20 ND zoo hD 

10 10 100 NO 

ND NU Nn 1000 

ND ?iD NU ND 

10 20 ND ND 

ND 10  20 ND 

N D N D l O N D  

NA NA NA NA 

5 10 50 ND 

ND ND 10  NA 

N D N D  1 o N A  

h i  ND ND NA 

20 ND 20 N* 

ND 10 20 NA 

ND hD 10 5000 

ND ND 10  NA 

sm ND 10 *l .O 

n m w  l o r n  

N D N D  1 o N D  

Yycrho t i t e  s ag rega r ion  i n  Dphs u n i t s  near L i t t l e  Squaw n i n e .  

Vuggy qua r r z  with r lemati te  i n  f o o t w a l l  j o i n t s  near Svmmir mine. 

100 foo t  random c h i p  sample of Dphs u n i t  (no q r z  or p y r r h o t i t e ) .  

Crab sample of  v qua r t z  with goss i n  s au rhe rn  area. 

Crab sample of v qua r t z  wirh goss I" sou the rn  ares. 

Crab sample o f  v qua r t z  w i th  goss  i n  sou the rn  area. 

Crab sample of v quartz v i r h  gos r  west  of  Tobin Creek. 

Grab sample o f  Dbls unit (na qfz) near Spina.  

Grbb sample of v q c r  i n  Dbls u n i t  nea r  Spina.  

Crab sample of Dbi, u n i t  wirh i r o n  s t a i n h  near Sp ine .  

~ r a b  samples of u q t z  i n  frncrvres east o i  ~ o b i n  c r e e k .  

Grab sample of v q r r  wlth arsenopy sou th  of l a n d s l i d e .  

Grab sample cornpoalre of v q t z  i n  fracrures near Tobin Pass. 

Crab sample of q i r  near greenstone d i k e  conracr i n  sov ths rn  area .  

Crab sample composire  of v qrr (rare a l b i t e )  - l im  near Chsndalar  

Grab sample of s q r r  near r h r u s t  and greenscane i n  no r the rn  area. 

Lrab sample of Dbls u n i t  near rhrusr  c o n t a c t  i n  S t .  Mary 's  Culch.  

Grab sample of meraaorphic q t r  i n  same area a s  180.  

Grab sample of v q r r  w i th  arsenopy and ncor ( L i t t l e  Squaw dump). 

Crab sample of u qfr with mass nrrenopy ( L l r r l e  Squaw dump). 

Grab sample of v q t z  with arsenopy and scor (Summir mine dump). 

Crab sample of v q t z  v i r h  mass a r senopy .  

Grab sample o f  v q t r  wirh l ime on s u r f a c e  L i t t l e  Mikado ares. 

Crab sample of v q t r  wirh g a l ,  s p h a l .  py,  go ld  ( L i t t l e  Mikado). 

C r a b  spnple of v q r l  v i t h  s r s enapy .  s c o r ,  and go ld  ( L i t T l e  Mikado 

Crab sample of v qcz v l t h  a r senopy ,  scor ( S t a r  Lode 63) .  

A lb i t e -q r r  s eg rega t ion  i n  greenatone ar Pedro Culch.  

Albite c r y s t a l s  i a  q t r - a l b i t e  v a i n  o r r e r i a l  nasr Chandalnr m i l l .  
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Appendix I V  

Average, S tandard  D e v i a t i o n ,  Threshold,  and Anomalous Values f o r  Stream 
Sediment Samples, Chandalar Area (Values i n  p a r t s  par m i l l i o n  u n l e s s  in- 
d i c a t e d ;  AA = Atomic Absorpt ion)  

Element Average S tandard  D e v i a t i o n  Threshold Anomalous 

Gold (AA) N O T  A N A L Y Z E D  
Copper (AA) 46.03 18.56 
Lead (AA) 25.69 11.49 
Zinc (AA) 123.04 37.64 
Copper 28.78 22.55 
Lead 18.33 13.47 
Zinc 150.26 57.80 
Molybdenum 5.86 3.87 
S i l v e r  0.12 0.25 
Cobal t  26.57 18.07 
Chromium 141.47 112.47 
Nicke l  30.00 25.80 
Manganese 596.15 454.64 
Titanium 7923.07 2746.23 
I r o n  (%) 3.99 2.01 
Magnesium (%) 1.14 0.50 
Calcium (%) 0.19 0.22 
Barium 520.51 164.11 
S t ron t ium 97.12 18.18 
Boron 45.96 23.47 
Beryl l ium 2.30 1 . 2 1  
T i n  2.17 1.57 
Tungsten 1.50 0.00 
Zirconium 149.68 66.36 
Lanthanum 51.47 29.49 
Niobium 20.03 7.88 
Scandium 17.69 4.34 
Yt t r ium 41.03 18.29 
Vanadium 100 .OO 13.91 
Arsenic* 1.80 0 .01  
Antimony 10.44 32.43 
Bismuth 2.77 2.54 
Cadmium* 0.20 0.00 
Gold* 0.07 0.80 

*Values a r e  p robab ly  meaningless  due t o  l i m i t s  of d e t e c t i o n  



Appendix V 

Stream Sediment Samples Considered Anomalous i n  t h e  Chandalar Area 

S i g n i f i c a n t  Elements 
Map No. and Values i n  ppm Other Pos s ib ly  Anomalous Elements & Remarks 

Sb 100; Spec. va lue  f o r  A g  is  near  l i m i t  
of d e t e c t i o n  
Spec. Analyses 20 
Spec. Analyses 20 
Co 100; C r  500, Sr  200; Sb 100 

C r  500; N i  100. Spec. va lue  f o r  Mo may be  
too  h igh  

Spec. va lue  f o r  Ag is  near  l i m i t  of 
d e t e c t i o n  
Spec. va lue  f o r  Ag is near  l i m i t  of 
d e t e c t i o n ;  Cu 70 

Spec. va lue  f o r  A g  is near  l i m i t  of 
d e t e c t i o n  
Spec. va lue  f o r  Ag is  near  l i m i t  of 
d e t e c t i o n  
Zn 210 

Zn 195;  Y 100 

Zn 210 

Area stripped f o r  placer mining 
Y 100; F i e l d  t e s t  12  mill i l i ters 
F i e l d  t e s t  15  m i l l i l i t e r s  
Z r  500; Be 5 
C r  500; Sb 100 
Be 5 ;  Z r  500 
Zn 200; Sb 100 

Analyses appa ren t ly  v a l i d  - AA r e r u n  and 
Spec. re run .  Spec. va lues  much lower. 
Spec. Analys i s  10 
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